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ABSTRACT 
CURRICULUM DEVELOPMENT OF ROBOTICS/AUTOMATED 
SYSTEMS FOR VOCATIONAL EDUCATION AT THE SECONDARY LEVEL 
BASED ON AN INDUSTRY NEEDS ASSESSMENT 
SEPTEMBER 1990 
JAMES GEORGE KERAMAS, B.S., ATHENS POLYTECHNIC INSTITUTE, 
M. S., ATHENS POLYTECHNIC INSTITUTE 
M. Ed., FITCHBURG STATE COLLEGE 
Ed. D., UNIVERSITY OF MASSACHUSETTS 
Directed by: Professor Kenneth A. Parker 
The complexity of robotics and automated systems 
in manufacturing today requires service technicians 
to have extensive knowledge and skills. 
Programs offering educational curricula for robotics 
and automated systems are primarily available in colleges 
and universities. These programs, however, lack practical 
application and do not meet industry requirements. 
Today, technicians require more skills and practice 
than theory. 
Since the vocational education students at the 
secondary level are trained more in skills and practical 
application than in theory, it is logical to assume that 
gaps in the work force could be filled by individuals 
properly trained in high school. To accomplish that, 
it was necessary to develop a curriculum that could 
vi 
be taught at the secondary vocational education level. 
Such a curriculum was not in existence at the outset 
of this study. 
The approach to the development of an operable 
curriculum was based on a survey method of research 
to collect the necessary data. A 50-item survey instrument 
was developed and sent to 110 contact persons in industry, 
who use robots and automated systems for manufacturing 
their product. The mean for the responses was calculated 
and a t-test was used to make comparisons between present 
and anticipated future industry needs. Based on the 
recommendations of a reviewing board, the results 
of the analysis were used to develop a suggested curriculum 
for a four-year program for robotics/automated systems 
service technicians. 
The findings indicate that industry requires techni¬ 
cians to have extensive backgrounds that provide positive 
work ethics, excellent communication skills, high quality 
standards for workmanship and safety, the ability to 
establish realistic vocational goals, conscientious 
awareness of safe practices, leadership skills, and 
functional math and science skills. Technology skills 
require strong backgrounds in electronics, blueprint 
reading, basic electricity, machine tool fundamentals, 
electro-mechanical devices, and robotic applications. 
vii 
In conclusion, industry requires service employees 
to have extensive backgrounds in general knowledge skills 
as well as technology skills. More valuable to the industry 
than any other technical skill, however, is the ability 
to analyze systems and solve problems. Oral communication 
is important for service persons because it often reflects 
company image and helps future sales. 
Key Words: Curriculum, Robotics, Secondary Education, 
Technology, Vocational Education 
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CHAPTER 1 
INTRODUCTION 
It has become self-evident that if the United 
States is to maintain its position of economic 
strength it must stay pre-eminent in technology, 
and it must also ensure that its' work force 
is competent to develop and use that technology. 
(Haavind, 1982, p. 6) 
Only recently have we begun to appreciate fully the 
extent to which the United States has been losing its lead 
in the marketplace. Britain Ls forging into the lead in 
fiber optic transmission systems, teletext, and satellite 
TV; France has been moving strongly into rocketry and 
nuclear energy; Japan has made great strides in developing 
super-conductivity technology; Russia seems far ahead 
in its knowledge of the long-term effects of space on 
human physiology; Germany appears to have taken the lead 
in metalworking machinery (Haavind, 1982 p. 4). 
According to Technology Review (Westney and Sakakibara, 
1986), United States companies appear to have an edge in 
innovations while companies in other countries seem to 
have remarkable success in incorporating innovations into 
products and moving them quickly into the marketplace. 
Exacerbating this loss-of-leadership problem is the 
fact that the competency of the United States work force 
is also not keeping pace with advances in technology. 
1 
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A recent study mandated by the United States Congress 
found that only 7% of the nation's 17-year-olds have enough 
knowledge to do well in college science courses and that 
more than half lack the science background needed for 
technical work or to benefit from specialized on-the-job 
training (Herald Wire Service, 1988). Moreover, the report 
suggests that American students seem to have little interest 
in improving their science skills. 
The long-term impact of these problems is obvious 
and, to quote Albert Shanker, president of the American 
Federation of Teachers, "depressing and alarming" 
(Herald Wire Service, 1988, p. 8). It is equally obvious 
that the United States needs to do much on several 
fronts if the situation is to be reversed. 
In this chapter, the potential for improvement 
in one area of technology and one area of education 
is examined. That technology is robotics, and the 
educational sector is vocational secondary education. 
In recent years, United States manufacturers have 
faced ever-increasing competitive pressures within their 
own industry and have looked to automation to reduce 
their manufacturing costs by lowering their labor costs 
(Boston, 1984). However, the introduction of automa¬ 
tion creates its own set of problems. For example: 
"Which employee will be responsible for installing, 
maintaining and modifying the new high-tech automated 
3 
equipment?" (Sonka, 1983, p. 5). In many companies, 
engineers are re-assigned as technicians to support 
installation, set-up, and operation of automated equipment. 
This practice deprives the company of creative talents 
critically needed in the development of new products. 
According to Sonka (1983), what these companies really 
need are technicians who have been trained in broad-based 
inter-disciplinary skills with specialization in robotics 
and automated systems. He further points out that if an 
adequate number of technicians is available, engineers 
could be returned to their original creative jobs. 
Sitkins (1983) has also pointed out the need for 
robotics training, citing the newness of the technology. 
However, providing such training has been a problem, 
primarily because of the rapid technological advances 
and changes taking place in industry. Indeed, as Blaesi 
and Maness (1984) noted, "Educators are criticized for 
being years behind in teaching accepted industrial 
practices. To keep pace with the evolution of robotics 
technology, we, as educators, must be able to identify 
and use resources to assist in designing appropriate 
curriculum content and laboratory definitives" (p. 104). 
Industry should not be expected to take on this task. 
Finally, Brooking (1983) has made the point that the 
study of robotics is more valuable than any other potential 
4 
uses of the student's time while in school because it 
is new, has high potential for employment, and embraces 
all branches of automation systems in the commercial, 
industrial, and social world. As Gene Beaudet, 
Editor-in-Chief, Iron Age, referring to robotic 
education, wrote: 
This will require a combined effort by 
businessmen, union leaders, educators and 
government officials. Business can't do 
it alone. High schools, vocational schools 
and colleges will have to change curricula, 
teaching methods and classroom equipment- 
just to start. (Beaudet, 1982, p. 7) 
Statement of the Problem 
The complexity of robotics and automated systems 
in manufacturing today requires employees to have extensive 
Knowledge and skills in servicing and maintaining robotics 
and automated systems. 
Programs offering educational curricula for robotics 
and automated systems are primarily available in colleges 
and universities at the post-secondary level. These 
programs, however, offer only courses for design and 
research and, therefore, lack practical applications 
necessary to meet industry requirements in robotics 
and automated systems for service and maintenance. 
Today, employees need more skills and practice than 
theory in order to meet the challenges awaiting them 
in an industrial manufacturing environment. 
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In the past several years, rapid advances in the 
applications of science and digital computers have brought 
about a technical revolution that has significantly altered 
the way people live and work in their homes, offices, 
and plants. Moreover, these advances have drastically 
changed the equipment and methods for receiving, storing, 
manipulating, and sending information. These marked 
technological breakthroughs are frequently called 
high technology (Wright and Sterry, 1984, pp. 5-6). 
High technology has undeniably altered our work force 
requirements for new and better-trained technical workers 
and operators of high-tech equipment. Communities that seek 
to attract and maintain high-tech industries depend directly 
on public educational institutions to provide an adequate 
supply of advanced-level technical workers—scientists, 
engineers, and technicians. But, beyond meeting the 
critical numbers of technical workers needed by industry, 
educational institutions must be especially attentive 
to the quality and content of the curriculum that is 
used to educate the technical work force. 
According to the Center for Occupational Research 
and Development (CORD, 1985), four characteristics of high 
technology are significant in the education of technicians: 
(1) broad knowledge base, (2) computer use, (3) rapidly 
changing technologies, and (4) systems-oriented emphasis. 
6 
Broad Knowledge Base 
Kales 11988) has described the implications of the 
broad knowledge base for technician training as follows: 
Today's technicians in modern industries need to 
know far more than that required to complete the 
obvious tasks and procedures associated with their 
jobs. Employees recognize that the complexity of 
today's equipment extends well beyond the simple, 
fail-safe devices of yesterday. (p. 3) 
Consequently, the trend in education today must be to 
prepare technicians who understand the entire system with 
which they work and the technical principles that govern 
the behavior of each device. 
Kales also distinguishes between the occupations 
of technicians and operators. He states: 
A technician builds, installs, modifies, maintains 
and repairs modern equipment, whereas an operator 
controls the function of the equipment. Technicians 
work "inside1' high-tech equipment, and operators work 
"outside" the equipment. The scientific knowledge 
base of the technician must be greater than that 
of an operator. (p. 4) 
Computer Use 
Many modern industrial processes have become highly 
automated. Repetitive tasks in machining, assembling, 
painting, and testing are performed by automated machines 
or industrial robots. These processes, machines, and robots 
are controlled by sophisticated computers. Other high- 
technology occupations require rapid access to enormous 
banks of information and the ability to assimilate and 
analyze data in * real time.” Technicians working with 
automated equipment or data-management systems must be 
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able to use both the software and hardware of computers 
and microprocessors. The development, installation, 
calibration, trouble-shooting, and repair of most 
computerized equipment require the combination of 
knowledge and skills found in computer programming 
and digital electronics (Groover, 1987). 
Rapidly Changing Technologies 
In the past 30 years, the evolution of science 
and technology has been characterized by rapid growth 
and advancement. Recent advances in telecommunications 
and breakthroughs in microelectronic chips have enabled 
scientists, engineers, and technologists to have access 
to vast amounts of information and to their own powerful 
personal computers. This new era in data availability 
and computational capability guarantees that our 
technologies will continue to grow and change at 
unprecedented rates, and the need for the United States 
to remain competitive in the international marketplace 
requires that our technologies advance. 
In fields such as laser/electro-optics and tele- 
communications, approximately 50% of a technical specialty 
changes every three or four years. Therefore, educators 
must prepare technical workers with a broad technical 
and mathematical base. Only then can they continue 
to learn new techniques and assimilate new information 
after they are employed (Kundu, 1988). 
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Systems—Oriented Emphasis 
A careful examination of scientific hardware and modern 
industrial processes reveals complex systems that are 
composed of electrical, electronic, mechanical, pneumatic, 
hydraulic, thermal, and optical devices. The technician 
who works with high-technology equipment and systems must 
have a broad technical background to deal with such diverse 
systems. Specialists in electronics, mechanics, fluids, 
or optics are still required, but the greatest need is 
for the "supertech* who can install, operate, maintain, 
and repair systems that incorporate combinations 
of electrical motors, digital circuits, mechanisms, 
hydraulic actuators, lenses, light sources, and trans¬ 
ducers. Many of these systems are controlled by micro¬ 
computers and require heating and cooling systems 
for proper operating temperatures (Nof, 1985). 
Kales, Groover, Kundu, and Nof indicate that manu¬ 
facturers currently need trained personnel to service 
and maintain robotics and automated systems. It would 
appear, specially—trained graduates of vocational secondary 
education should be able to fulfill these needs. However, 
students in these programs should be proficient in basic 
sciences, such as mathematics, mechanics, and physics, 
and should be computer literate. They should also under¬ 
stand the general principles and operations of robotics 
and their applications in modern manufacturing processes. 
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Purpose of the Study 
The purpose of this study was to design a curriculum of 
robotics and automated systems for vocational education at 
the secondary level based on an industry needs assessment. 
Specifically, the study attempted to answer the 
following questions: 
1. What current and anticipated industrial practices 
were unique to industrial firms using robots and 
automated systems in manufacturing? 
2. What current and anticipated practices were unique 
to and required by industry for robotics/automated 
systems service technicians? 
3. What current curricula of robotics was offered 
by vocational secondary education? 
4. What changes needed to be made in current curriculum 
offerings in secondary education programs to meet 
the current and anticipated demands of industry? 
5. What changes needed to be made in vocational 
secondary education programs and teacher preparation 
programs? 
6. What procedures needed to be developed between 
education and industry for ongoing programs 
that would keep vocational secondary education 
programs abreast of the rapidly changing field 
of robotics? 
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Significance of the Study 
More than 400 robotics programs are being offered today 
at high schools, community colleges, and technical colleges 
across the nation. Their aims and their content vary 
widely. Some programs contribute a few robotics courses 
inserted into a traditional electro—mechanical technology 
program. Some are broad-based but too introductory. 
Others, such as those offered at the Center for Occupa¬ 
tional Research and Development (CORD) in Waco, Texas 
are too involved. Many are too application oriented. 
"Those of us who believe in the future, I am sure, 
would agree that awareness and education (in Robotics) 
must begin in the schools" (Rathmill, 1983, p. 93). 
The need for robotics training is large and growing 
rapidly. If the United States is to take full advantage 
of the potential benefits of robotics, it needs informed 
people to teach robotics courses. 
"If every trained robotist of 1984 became a full-time 
teacher of robotics courses, they would not comprise a 
large enough faculty to train the people needed by 1999" 
(Altamuro, 1984, p. 59). Robotics education, like many 
other aspects of robotics development, is following the same 
general path as the computer. It is expected that robotics 
training will be available, like computer training today, 
and will be designed for many levels from many sources 
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of competence. "Unfortunately, professional staff to teach 
industrial robotics at the vocational secondary educational 
level is most difficult to find" (Altamuro, 1984, p. 59). 
The key to success in the robotics program lies in 
the willingness of the instructor to learn new technologies 
and integrate them into his/her curriculum. According to 
Altamuro (1984), 
an effective and accepted robotics training program 
is one that surveys the wants and needs of industry 
in the immediate vicinity, presents that material in 
a competent, practical manner, offers updated courses, 
and constantly improves the courses by incorporating 
industry's feedback and the latest advancements 
in the field of Robotics, (p. 59) 
Miller and Goetz (1987), who studied the technical 
skills required for industrial robot maintenance technicians 
in manufacturing, recommended that: "Programs in robotics 
maintenance should be taught as part of the curriculum in 
vocational secondary education. Students should come from 
Electrical/ Electronics, Computers, Machine Shop, Mechanics, 
and any other related departments" (p. 19). 
The programs that are being offered today are not 
well-suited to the needs of the vocational student. 
The major shortcoming is the failure of the programs 
to integrate the fundamentals of sciences and robotics 
applications with manufacturing processes and industrial 
automated systems. 
At the University of Southern California (USC), 
for example, four support courses in robotics are offered: 
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Introduction in Robotics, Basic Robotics Laboratory, 
Software Methods in Robotics, and Analytical Methods 
in Robotics (Kehoe, 1984)\ however, but not one course 
is offered in robotics application. 
It is generally agreed that the broader the background 
of the student the greater the opportunity for employment 
in the automation field, a part of which is robotics. 
However, if the student has no experience with the current 
applications of robotics in industry, he/she is of little 
or no use to industry. Furthermore, theoretical courses 
should be based on and related to manufacturing and/or 
automated systems. In the writer's opinion, what is 
needed is a curriculum that will include both general 
technology and robotics technology courses, thereby 
offering the student practical as well as theoretical 
knowledge. 
Since the vocational education students at the 
secondary level are practiced and trained more in skills 
than in theory as opposed to the primarily theoretical 
training at the traditional post-secondary education level, 
and since they represent the majority in today's technical 
society, it is not only a logical but also crucial assump¬ 
tion that they must be the ones to fill the gap in the 
work force for the future of the United States economy. 
To accomplish this, it was necessary to develop a curriculum 
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for robotics and automated systems that can be taught 
at the secondary vocational education level. Such a 
curriculum was not in existence at the outset of this study. 
The approach to the development of such a curriculum 
for robotics and automated systems will be based on current 
and anticipated future industry needs. The method of study 
will be survey research of selected industrial firms using 
or planning to use robotics and automated systems in the 
manufacture of their product. 
In 1984, a guide for developing contemporary curricula 
was written by a number of respected educational leaders. 
This project was funded by the Technical Foundation 
of America. As stated in the guide: 
We are rapidly moving from what is often referred 
to as a time of "old industry" (typified by people 
working at assembly lines in factories) to an 
information age. Dominant in the "new industry" 
are the technological developments of computers, 
lasers, robots, computer-aided design and computer- 
aided manufacture (CAD/CAM), new materials, 
new processes, new techniques and communication 
systems. A new emphasis is being placed on 
productivity, efficiency, conservation, and quality 
as compared to the past quest for quantity. 
As technological development continues at an 
accelerating rate, it will become increasingly 
difficult for people to understand these changes. 
Therefore, THE MISSION OF EDUCATORS IN OUR PROFESSION 
IS TO INCREASE EACH PERSON'S ABILITY TO COMPREHEND 
AND APPLY THE CONCEPTS OF INDUSTRIAL AND TECHNOLOGICAL 
SYSTEMS. (Wright & Sterry, 1984, p. 9) 
From the preceding findings, research is needed 
to develop a curriculum of robotics/automated systems 
for vocational education at the secondary level. 
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The research from a study of robotics/automated 
systems practices in industry will be important to: 
1 . Determine what education and experience industry 
requires of those employees working in the field 
of robotics and automated systems. 
2. Evaluate the current courses and programs related 
to robotics offerings in vocational secondary 
education. 
3. Determine whether the current courses and programs 
offered by vocational secondary education meet the 
current and anticipated future demands of industry. 
4. Educators who will be modifying and developing 
robotics/automated systems technician programs. 
5. Educators to determine the effectiveness of existing 
programs. 
6. Teachers who will be teaching those courses identified 
as being significant to the robotics industry. 
7. Industry which presently or eventually will be 
employing industrial robot production technicians. 
8. Guidance counselors at secondary schools. 
9. Educators who will be developing new curricula for 
the interpretation of industry as part of teacher 
education and general education programs. 
10. Educators writing proposals for grants from private 
sources, institutions, and industry foundations. 
11. Educators and industry as a means of developing 
communications needed for continual updating 
and re-evaluation of curricula. 
Definition of Terms 
The terms used in this study are defined as follows: 
1• Artificial Intelligence—Machine or computer 
capability of exhibiting some elements of humanlike 
functions such as learning, reasoning, and self- 
control (Author Definition). 
2. Assembly Language—A simple computer language 
in which each word or group of words represents 
the corresponding machine language instruction 
(Author Definition). 
3. BASIC—Acronym for Beginner's All-purpose Symbolic 
Instruction Code. An easy-to-learn, high-level 
language available for most minicomputers and 
microcomputers. There are many dialects, not all 
of which are compatible (Author Definition). 
4. Computer Numerical Control—(CNC) Use of a computer 
to provide numerical control function of a machine 
tool or robot. Numerical control uses local data 
input from devices such as punched paper tape, 
magnetic tape, cassette, or floppy disk to control 
the motion of the machine (Author Definition). 
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5. Controller—An information processing device or 
person that directs the operation of a robot or 
system. A computer controller specifies the operation 
of each part of a robot (Author Definition). 
Control_System A group of components and procedures 
used to control an operation to achieve and maintain 
a desired result. Sensors, logic units, computers, 
and actuators are some components of the system 
(Author Definition). 
7. General Vocational Education—The education that 
helps students to develop the knowledge, skills, 
and attitudes needed to find satisfaction so as 
to be productive later in their life in work skills 
or in any other kind of life roles, such as Home 
Economics, Industrial Arts, and any other broad 
vocational area (American Vocational Education 
[AVA] 1989). 
8. Industry—That part of the societal economic 
institution that uses resources to produce goods, 
services, and information to meet the needs and 
wants of individuals and society (Wright & Sterry, 
1984, p. 6). 
9. Programmable Controller—A control system providing 
computer capability to control industrial processes. 
It is designed to appear as a relay network using 
•'ladder" diagrams to set up a sequence of operations 
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so that electricians and others with no computer 
knowledge can use it for control (Critchlow, 1985, 
p. 461). 
10. Rainbow Person—One who not only possesses all the 
skills of an industrial robot production technician 
but also has an educational background in business 
which allows this person to act as an interpreter 
between higher management, engineers, and the work 
force (Author Definition). 
11 . Robot—A mechanical device that can be programmed 
to perform some task of manipulation or locomotion 
under automatic control (Tver & Bolz, 1983, p. 115). 
A robot is a reprogrammable, multifunctional mani¬ 
pulator designed to move materials, parts, tools, 
or specialized devices through variable programmed 
motions for the performance of a variety of tasks 
(Robotics Institute of America, 1984). 
12. Robotics—In education, study of robots and the 
applications of robots; in industry, the applications 
and uses of robots for the manufacture or processing 
of products or goods (Author Definition). 
*13. Robotics/Automated Systems Technician An employee 
of industry who is on a level between the skilled 
operator and highly qualified tradesperson. 
This person's technical knowledge permits him 
or her to do many tasks. The technician is capable 
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of servicing, maintaining, and repairing robots, 
work cells, and automated systems, as well as trouble¬ 
shooting and testing robotic systems and equipment 
(Author Definition). 
14. Robotic System—A complete turnkey robotic system 
consisting of five elements: (1) the robot or 
robots, (2) computers for control, (3) suitable 
sensors for feedback, (4) computer software for 
intelligence, and (5) fixtures and material¬ 
handling units adapted for the work to be performed 
(Tver & Bolz, 1983, p. v). 
15. Secondary Education—The level of education 
offered in grades 9 through 12 (high school programs). 
The main purpose of these high school programs is 
to prepare students for college, business, or trade 
(National Academy of Science, 1984). 
16. Specific Vocational Education—The education that 
is designed to prepare students for employment in a 
particular occupation such as Computer Programming, 
Auto Mechanics, Electronics, and the like (AVA, 1989, 
p. 2). 
17. Technology—The knowledge and study of human 
endeavors in creating and using tools, techniques, 
resources, and systems to manage the man-made and 
natural environments for the purpose of extending 
human potential and the relationship of these to 
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individuals, society, and the civilization process 
(Wright & Sterry, 1984, pp. 5-6). 
18* Vocational Education—"The segment of education 
charged with preparing people for work. It is the 
backbone of the nation's employment-related education 
and training programs" (AVA, 1989, p. 1). 
19. Work Cells—A specific area designed to incorporate 
one or more robots in the manufacture or processing 
of a product or goods (Author Definition). 
Assumptions 
For the purpose of this study, the following assumptions 
were made: 
1 . There is a need for a secondary vocational education 
curriculum for robotics/automated systems technicians. 
2. Broad educational background and competencies are 
required for the position of robotics/automated 
systems technician. 
3. The education for the position of robotics/automated 
systems technician can be best met by vocational 
secondary education programs. 
4. Current vocational secondary education programs 
need to be re-evaluated and updated. 
5. The evaluations of current offerings, expressed 
by educators in post-secondary institutions, 
would reflect the current status of vocational 
secondary education programs and facilities. 
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6. 
7. 
The evaluations and opinions expressed by industry 
would reflect its current practices. 
The evaluations and opinions expressed by industry 
would reflect the current education and competencies 
of employees working with robotics. 
The evaluations and opinions expressed by industry 
would reflect the needed education and competencies 
required for employees working with robotics. 
Limitations 
For the purpose of this study, the following limitations 
were applied: 
^• This study is limited to the training of service 
technicians for manufacturers in industries using 
robots and automated systems in their production 
lines, as identified by the 1990 Automation Buyers 
Guide, the Society of Manufacturing Engineers (SME), 
and the 1990 Robotic World Directory. Traditional 
manufacturers and manufacturers from foreign 
countries are not considered in this study. 
2. This study is limited to secondary vocational 
education which is classified under the specific 
vocational education programs listed in the fact 
sheet of the American Vocational Association 
(1989, p. 2). 
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Summary 
Robotics and automated systems are changing the way 
products are being produced and processed by industry. 
This change in the technology of the factory had given 
cause for secondary vocational education to re-evaluate 
its curricula to meet the current and anticipated needs 
of industry. Traditionally, secondary vocational education 
addressed the changing technologies of industry by stressing 
the practices and the required education and competencies 
needed by industry's employees. This was accomplished 
by interfacing various systems of mechanics, hydraulics, 
pneumatics, and electrical power in the past. However,, 
with artificial intelligence and microprocessor controls, 
the narrow training of the past would no longer be adequate 
for the employee working with robots and automated systems 
in the future. New knowledge and skills will be required 
by industry. 
Studies were needed for the purpose of developing new 
curricula to address the changing technology of robotics 
and automated systems in industry. The purpose of this 
study was to design a curriculum of robotics and automated 
systems for vocational education at the secondary level 
based on an industry needs assessment. 
Chapter 2 
REVIEW OF THE LITERATURE 
Introduction 
As more companies convert to robotics and/or electronic 
process control, they are discovering that conversion 
is only the first step. [They also discover] that 
they need people to run the equipment. This has 
rapidly become one of the industry’s biggest and 
most complex problems—re-training workers. (Jacobsen, 
1987, p. 21) 
The need to retrain workers, which is becoming more 
and more widespread, raises the immediate questions of 
what has been or is being done to address retraining needs. 
Summarized in Chapter 2 is a review of the literature 
undertaken to develop a clearer picture of the past, 
present, and possible future activities to retrain workers. 
The review is confined to robotics technology rather than 
high technology in general and is presented in four parts: 
1 . What does robotics technology include? 
2. What has been done to impart a knowledge 
of robotic technology in the past? 
3. What is being done today? 
4. What needs remain to be met? 
In each of the last three parts, the review considers 
both of the major areas where robotics knowledge would be 
applied—the manufacturer of robots and the user of robotics 
systems. 
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Defining Robotics Technology 
Modern robotics is commonly thought of as having begun 
some 34 years ago when a simple, remote-controlled arm 
was used to replace the nuclear fuel rods in nuclear power 
plants (Goertz, 1963). Those early machines, though 
primitive by today's standards, contained all the basic 
elements of what have come to be called robotics. All that 
has changed is the number of functions, the ease with which 
these functions can be performed, and the sophistication 
of the systems used to control the machines as they perform 
their functions (Groover, 1986). 
The number of robots being used in industry is 
growing. At the end of 1986, factories worldwide had 
installed about 120,000 robots—25,000 in United States 
factories, a like number in Western Europe, and 70,000 
in Japan (Gunn, 1987). By the turn of the century, 
fewer than 10 years hence, the United States, according 
to some estimates, could have as many as 250,000 robots 
in its factories (Gunn, 1987). 
Despite their variety, all of these robots seem 
to fit within the following definition developed by the 
Robotics Industries Asociation (1974), which was formerly 
known as the Robotics Institute of America. "An industrial 
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robot is a reprogrammable, multi-functional manipulator 
designed to move materials, parts, tools or specialized 
devices through variable programmed motions for 
the performance of a variety of tasks" (p. 20). 
"Reprogrammable and multifunctional" appear to be 
the key words in the above definition. It is these two 
characteristics which separate the true industrial robot 
from the various single-purpose machines used in modern 
manufacturing firms. The term "reprogrammable" implies 
two things: that the robot operates according to a 
written program, and that this program can be rewritten 
to accommodate a variety of manufacturing tasks. The term 
"multifunctional" means that the robot is able, through 
reprogramming and the use of a variety of end effectors, 
to perform a number of manufacturing tasks. 
The industrial robot, as defined, was the basis for 
reviewing the literature that emphasized training people 
to be competent in robotics technology. 
The Evolution of Robotics Education 
A review of the literature indicates that over 
the first 30 or so years of robotics development, 
much effort was devoted to defining and developing 
the technology. During this time, however, little 
attention was paid to the educational or training 
needs for robot technicians. 
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The term "robot" itself was coined in 1921 by Capek 
(1973) in a play he wrote. Other authors (most notably, 
Isaac Asimov in the early 1950s; but also Malone, 1978, 
Reichardt, 1978, and Hogan, 1979) wrote popular books 
on the subject. 
Until the early 1950s, robots remained primarily 
a topic of science fiction. It was not until 1954 that 
we saw the birth of industrial robotics. It was in 
that year that George C. Devol received a patent for 
a "Programmable Article Transfer." Seven years later, 
in 1961, Unimation, Inc., installed the first industrial 
robot at Ford Motor Company; the simple device was 
designed to unload a die-casting machine (Groover, 1986). 
In the ensuing years, the technology developed along 
the usual lines. Applied research projects started up 
at several major universities (Ayres and Miller, 1983) 
under the sponsorship of the National Science Foundation 
and grants from more than fifty users and manufacturers 
of robots. Advanced robotic investigations have also been 
ongoing at the National Bureau of Standards and Jet Propul¬ 
sion Laboratory. Several large United States companies 
have established large robotics research departments, 
including General Motors, Ford, and IBM (Miller, 1987). 
Two robotics societies have sprung up in the 
United States, both managed by the Society of Manufacturing 
Engineers: 
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(a) Robotics International, of the Society of 
Manufacturing Engineers, is both applications and research 
oriented and covers all phases of robot research, design, 
installation, operation, human factors, and maintenance 
within the plant facility. It was founded in 1980 as 
an educational association for robotics. 
(b) The Robotic Industries Association (RIA) is the 
only trade association in the United States involved in 
the field of robotics. Founded in 1974, RIA supports 
the exchange of technical information among robot manu¬ 
facturers, distributors, corporate users, accessory equip¬ 
ment suppliers, and those involved in robotics research. 
For example, one report published by the United 
States Office of Technology Assessment (OTA) (February, 
1982) concluded that there was a: 
1. Shortage of trained technical staff in robotics 
and other programmable automation technologies; 
2. Need for a more technologically literate work force; 
3. Shortage of technical instructors and state-of-the- 
art laboratory equipment in the schools; and 
4. Need for re-training and job counseling programs 
designed for displaced workers. 
A second OTA report (April 1984) explained some of 
the additional education and training requirements cited by 
OTA and pointed out the need for developing multiple skills 
and "cross training" workers who must perform a variety 
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of functions in the factory production environment, 
especially those who were increasingly called upon 
to use analytical and problem-solving skills as 
opposed to strictly manual skills. 
Not until the late 1970s and early 1980s did the 
need for, and problems with, robotics education begin 
to move to center stage. In its 1983 report, "Robotics 
Programs, the National Center for Research in Vocational 
Education also pointed out the need for training. 
Training on robotics systems is not just a 
one-time initial training session. Because 
of the rapid expansion of the robotics industry, 
the supply of knowledgeable, qualified personnel 
is minimal. Therefore, management must ensure 
that the existing work force is continually 
educated to meet the demands of the new technologies. 
With management's interest and direct support 
of establishing a thorough and continuing approach 
to training before, during and after the imple¬ 
mentation of their robotics systems, a profitable 
return on an investment in both equipment and 
manpower can be guaranteed. (p. 56) 
In response to such needs, a number of schools had 
begun to offer robotics training. For example, Robotics 
International, of the Society of Manufacturing Engineers 
(SME), reported in the 1983-1984 Directory of North American 
Robotics Education and Training Institutions (Berg, 1983) 
that more than 82 schools offered either robotics degrees 
or options in robotics courses. According to the 
National Center for Research in Vocational Education, 
the number more than quadrupled within a year. 
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This is an indication of the widespread interest that 
was being generated in the study of robotics. 
However, while the need for robotics training was 
being recognized, opinions differed about the form and 
breadth that that training should take. The differences 
fell mainly into two areas: whether the training should 
be part of or separate from other technical training 
programs and whether it should be focused on theoretical 
or on practical aspects. The differences of opinion are 
evident from the following examples. Jean Atelsek (1983) 
states that: "Flexibility is the key to the success of 
technology programs. This means establishing programs, 
to meet new needs, closing programs if they are not serving 
the needs of industry, and modifying existing programs 
in accordance with changing occupational practices" (p. 21). 
"A well-designed curriculum which prepared technicians 
for successful work in Robotics technology is both compre¬ 
hensive and demanding" (Konopka, 1982). Konopka suggested 
such a curriculum—one that was a mix of the practical 
and the theoretical (see Figure 2.1 and page 30 for 
curriculum outline). 
Kehoe (1984) points out that "Robotics education is 
not as simple a subject as the words or media attention 
might imply" (p. 40). When existing programs are refined 
and new ones are developed, it is apparent that there is 
a difference of opinion as to the best method of educating 
SUPPORT 
Figure 2.1 Diagrammatic representation of Konopka's 
curriculum (Konopka, 1982) 
COMPONENTS OF TECHNICAL CORE FOR ROBOTICS TRAINING 
(Konopka, 1982) 
Support Courses 
* Math 
* Communications 
* Shop Skills 
* Graphics 
Principle Courses 
* Physics 
* Chemistry 
* Electrical Fundamentals 
Devices 
* Electronic 
* Electrical 
* Electro-Mechanical 
* Mechanical 
* Fluids 
* Heating and Cooling 
plus 
Robotics Courses 
2 or more for specialization 
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technical workers in robotics. When a program teaches 
only about the "outside of robots" and not the "inside," 
there is strong evidence that job potential will be 
limited to operator and craft jobs (Hull & Lovett, 1984). 
Not everyone, however, believes that special robotics 
training programs are necessary. The so-called "robot 
revolution, in fact, has actually been an ongoing evolution 
of process technology. The realities of current robot 
usage and the need for technicians are far less exciting 
than some would like to believe (Sitkins, 1983). 
Soroka (1983) believed that caution should be used 
in establishing an entirely new robotics program, 
"for robotics is really a very tiny business right now, 
and, even if optimistic growth forecasts come true, 
the demand for robotics personnel will be insignificant 
even a decade from now" (p. 8). 
Doug Malcolm (1984), robot training development 
supervisor, CMS Robotics Corporation (Troy, Michigan), 
feels it may not be necessary to design a new curriculum 
to accommodate robotics training. "What people in education 
must understand is that a robot is like any other machine— 
it's made up of electronic, mechanical, hydraulic, and 
pneumatic devices. In most cases, the basic programs 
for training are already in place at schools (P- 43). 
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H. Allen Hunt and Timothy L. Hunt, of the W. E. Upjohn 
Institute for Employment Research in Michigan, completed 
a study in 1983 dealing with 'Human Resource Implications 
of Robotics." The Upjohn Report concludes that "robots 
will not have a significant direct impact on overall 
employment levels in the United States between now and 
1990 (about 1%) and will be absorbed by other manufacturing 
jobs during this period" (Hunt & Hunt, 1983, p. 232). 
Smith (1983) states that "Industry does not need lots 
of skilled robotic technicians. It needs skilled welders, 
electricians, computer specialists, lab technicians, and 
other trades—people with the same basic skills that trade 
schools have been trying to teach for years" (p. 16). 
The Present Situation 
Since 1985, dozens of books and several hundred 
articles have been produced on the subject of robotics. 
Unfortunately, this plethora of writing and research 
has failed to produce a meaningful and comprehensive 
curriculum in robotics for vocational education programs 
at the high school or post-high school levels. 
The literature on Robotics Education and Training 
programs contains many articles and books that only 
present broad philosophical approaches that are of little 
or no help to practical situations. Others offer guide¬ 
lines for making decisions and getting them accepted. 
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However, none of the studies shows a thorough understanding 
of the requirements for an effective robotic program— 
a program that includes periodic updating of decisions 
as well as getting those decisions implemented with 
maximum acceptance. 
This indifference to educational needs in robotics 
is especially noticeable in the leading education journals. 
For example, a review of 2,080 articles in the Harvard 
Education Review, the Vocational Educational Journal, 
the Chronicle of Higher Education, the Phi Delta Kappa, 
and the Journal of Epsilon Pi Tau identified only the 
following four articles dealing with robotics and even 
these focus more on the technology and philosophical 
approaches than on the training aspects: 
Baker, G.L. (1983, Fall). "Automation and Cybernetics: 
Past, Present, and Future." The Journal of Epsilon 
Pi Tau, 9(2), 29-35. 
Casner-Lotto, J. (1988). "Fxpanding the Teacher's Role: 
Hammond School Improvement Process." The Journal of 
Phi Delta Kappa, 69(5) 350-353. 
Dronka, Pamela, (1988, October). "Fusing Basic Skills 
with Vocational Education." Vocational Educational 
Journal, pp. 53-55. 
Turner, Axler, Junith, (1988, September). Clemson 
Industrial Robot Stores and Delivers Tapes. 
The Chronicle of Higher Education 35(5), 20. 
The following programs sum up what is being done today 
to provide robotics training. 
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The Government and Robotics Education 
CORD. The federal government is playing a key 
role in robotics education. One specific project of major 
interest is the "CORD" project, a government-funded program 
to develop a model curriculum for robotics/automated systems 
technicians. The work was done by the Center for Occupa¬ 
tional Research and Development (CORD) in Waco, Texas. 
In February, 1985, the Center for Occupational Research 
and Development completed a model curriculum for robotics 
automated systems technicians, which is available from 
CORD and the United States Department of Education. 
It provides module outlines for courses for a technician 
training program that can be tailored to local needs. 
Project research has included a task analysis of 
robotics and automated manufacturing technicians, design 
of a model curriculum, preparation of support material, 
and an evaluation of existing training programs. 
Daniel M. Hull, CORD President, stated: 
This relatively new approach to curriculum design 
provides graduates with a broad technical base 
that will enable them to work in other fields 
if insufficient jobs exist in their chosen area; 
it also provides them the foundation needed for 
retraining as technology changes. (Kehoe, p. 42) 
The common core, representing about 80% of the 
program, will be comprised of basic skills courses and 
technical courses. The smaller part of the program, 
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about 20%, will be the specialty core—a series of 
courses to develop specialized expertise. 
Basic skills courses will include noncalculus-based 
mathematics, the physical sciences, economics and indus¬ 
trial relations, technical communications, and computer 
literacy . 
The technical courses will cover electricity and 
electronics, circuit analysis, electronics devices, 
properties of materials, computer applications, mechanical 
devices and systems, and fluid power systems. For the 
specialty core, a sequence of five or six courses is 
taken, leading to advanced knowledge of a particular 
subject. Robotics/automation, lasers/electro-optics, 
instrumentation and controls, and micro-electronics 
are among the specialty areas being developed. 
Courses for the robotics/automation specialty, 
for example, will include: 
1. Manufacturing Processes 
2. Automated Controls I and II 
3. Robotics/Automated Systems Maintenance 
4. Robotics/Automated Systems Specifications 
5. Robotics/Automated Systems Project 
Many two-year colleges in the United States offer 
associate degrees in robotics and automation, based on 
programs similar to CORD. According to the Society of 
Manufacturing Engineers (SME) Directory (1984), there are 
more than 400 institutions with over 5,000 students enrolled 
in these programs. However, there is some question whether 
the training offered by these programs is useful enough. 
For example, R. L. Hoekstra (1985) in a study of robotics 
technical training in two-year colleges, concluded that: 
"More students are being trained in the field of robotics 
than the market will support" (p. 139). He recommended 
that the curricula be modified to prepare these students 
for placement in the larger field of automation. Hoekstra 
believes these students have not received the training 
necessary to enter industry as a Robotics/Automated System 
Technician, because the curricula lack the scope of CORD's 
recommendation. According to Hoekstra, most of these 
schools do not have any commercial robots to stimulate 
the students' interest and increase their knowledge about 
industrial robots. Thus, they do not have the practical 
experience to gain a position with either the manufacturers 
or the users of industrial robots. 
Other Federal Support Programs. The Catalog of 
Federal Domestic Assistance is a valuable guide to the 
government's support of robotics and other forms of 
automation and technology (Stauffer, 1984, p. 28). 
Five of the 13 departments in the United States government 
provide support—be it economic, research and development- 
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oriented, or simply as an information source. They include 
the Departments of Commerce, Defense, Education, Labor, 
and Health and Human Services (Warnat, 1984). 
Dr. Warnat, a United States Department of Education 
specialist in robotics, with major interest in vocational 
and adult education, explains that: 
There are four independent agencies that are also 
contributing significantly. One is the Library of 
Congress, which offers a complete reference service 
on science and technology. Another is NASA [National 
Aeronautics and Space Administration], which is 
working on the application of robotics in space 
and also has a major interest in human factors issues. 
The National Science Foundation is focusing research 
on expanding robotic applications and has just 
initiated an effort to support research institutes, 
many of which are emphasizing robotics research 
and development. Finally, there's the Small Business 
Administration, which can support entrepreneurial 
robot manufacturers. (p. 28) 
Federal funds for education/training, including 
robotics, are available through the Job Training 
Partnership Act (1982), the Education for Economic Security 
Act (also referred to as the New Math and Science Education 
Bill), the Carl D. Perkins Vocational Education Act, 
and the Higher Education Act. 
Says Warnat, "Individuals can ask their congressional 
representatives for more information and can also contact 
their respective state Departments of Education to find 
out how to access these funds or make input into curriculum 
development" (p. 28). 
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State Government Programs. Some robotics training 
efforts are also going on at the state level. On September 
30, 1987, the Luzerne County Community College, Nanticoke, 
Pennsylvania, conducted a project to develop the first 
year of a competency-based curriculum in automated systems/ 
robotics in cooperation with area vocational-technical 
schools. The project was sponsored by the Pennsylvania 
State Department of Education, Harrisburg, Pennsylvania, 
Bureau of Vocational and Adult Education. Existing programs 
were reviewed by a task force, and a list of sample 
competencies was developed and sent to area manufacturers 
for validation. 
The results of these efforts and the curriculum 
itself are presented in three sections in the final report. 
The first section covers general business/industry trends, 
automated systems/robotics technology curriculum, 
articulation, and a proposed second-year course listing. 
The second section of the curriculum guide lists educa¬ 
tional specifications for the robotics laboratory and 
the fluid power laboratory, and the final section lists 
equipment specifications. Appendices to the report list 
the task force members, describe the literature search, 
and provide a task listing with manufacturers' ratings. 
Sample task force letters complete the report (Luzerne 
County Community College, 1987). 
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School and University Programs 
Today, about 300 schools in the United States offer 
instruction in robotics (Heath, 1985). The regional 
distribution of these programs is shown in Figure 2.2 
and Table 2.1. These offerings run the gamut from 
individual courses to doctoral programs. 
Figure 2.2 Robotic programs 
by region (Heath, 1985, p. 132) 
Table 2.1 Programs by 
Region in Number and 
Percentage (Heath, 1985, 
p. 133) 
Region No. of 
programmes 
Percentage 
of total 
West 40 13 5 
Plains 29 9.8 
South 86 29 2 
Central 86 29 2 
East 55 18.3 
Total 296 100.0 
The Center for Occupational Research and Development 
(1985) has reported that about 18 technical and vocational 
education schools across the nation offer Robotics/Automated 
systems courses as options or electives in other specialty 
areas such as electronics, electro-mechanical technology, 
fluid power, material handling, instrumentation, and the 
like. Three offer a diploma, and eleven offer certificates. 
The remainder offer short courses. 
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Among the more interesting offerings are those by 
Laney College (Oakland, California) and the Waukesha 
County Technical Institute (Pewaukee, Wisconsin). 
Laney College—One Approach. Laney Community College 
developed a robotics program by soliciting the expertise of 
the Noel J. Brown Manufacturing Co. (Campbell, California). 
The company, a subsidiary of Technical Equities Corporation 
(San Jose, California) sells robotic systems and does 
systems integration and applications for end users 
(Kehoe, 1984). 
It was determined that robotics service technicians 
were needed to service flexible automated lines in the 
electronics and automotive assembly plants in the Oakland 
area. In 1984, a two-year course was introduced at Laney 
to meet this need. 
The hardware chosen for the program was an IBM 7535 
manufacturing system, including a robot in the $50,000 
range, a conveyor belt system, electronic sensors, and two 
IBM personal computers. The equipment were purchased with 
a grant from the State of California Community Colleges 
"Investment in People" program, to encourage both high- 
technology programs and private sector participation 
in the education of a trained labor force. 
Six electronics and machine shop instructors were 
trained at Noel J. Brown's facility and at the college 
over a six-day period. All instruction was done by Noel 
J. Brown personnel. Included in the teaching were 12 
pick-and-place type laboratory exercises. The operations 
and modifications of some of the company's industrial 
projects, included a spot welding application and a 
sorting operation. 
Noel J. Brown was also teaching this lecture course 
to its own employees in other divisions as an in-house 
training program. The curriculum includes a 12-module 
lecture which serves as an overview of robotics in 
manufacturing. The course material was funded, in part, 
by the local Private Industry Council and was available 
to other colleges and robotics programs in the service 
area. 
Recruitment of students was the responsibility of 
the college. One of the most interesting aspects of the 
program was the diversity in training and attitude among 
the students. Some were displaced workers, some were takin 
the course for continuing education, and some were simply 
curious. They may have had an aptitude in electronics, 
mechanical systems, machining, assembly work, or computer 
programming; whatever their initial training, they found 
there was a great deal to learn in the field of robotics. 
Waukesha County Technical Institute uses industrial 
robots as tools to teach students hands-on maintenance. 
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As described by Meier (1985), the Material Handling/ 
Robotics program (started in 1981) was a one-year, 
36-week vocational diploma program. Stodents spent 
22 hours per week in an individualized laboratory 
setting which allowed them to progress at their own pace. 
One of the most unique aspects of the Waukesha County 
Technical Institute program was the way the students were 
allowed to work with the industrial robots. Students had 
complete access to the robots to perform operation and 
maintenance on the units. Safety was stressed continually 
throughout the program. Students learned to respect 
the equipment but understood its makeup and operation 
well enough to eliminate the fear of using it. 
The main purpose of the program was to give students 
a broad background in maintenance skills using the 
industrial robot as the medium to accomplish this. 
Because they also learned proper maintenance skills, 
students were not limited to seeking jobs only within 
the field of robot servicing. Graduates of the program 
were often employed by companies that had no robots 
but who were considering their use in the future. 
The first semester of the program formed the foundation 
for the development of robot maintenance skills. In the 
second semester, those skills were put into practice in 
the maintenance and repair of the industrial robots. 
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Nine weeks were allotted to hands-on robot maintenance 
and repair. The instructor introduced malfunctions into 
the robot controller by replacing good fuses with blown, 
removing wires, or replacing a good component with a 
faulty one. In order to keep the student skills and 
knowledge in harmony with current industry practice, 
major emphasis was placed on two important areas: 
1 . Constant curriculum updating 
2. Flexibility of the laboratory and equipment 
The curriculum was updated with relative ease 
because the program was divided into modules of 
instruction, each consisting of the following: 
1. An outline of the material to be covered. 
2. 
3. 
Course outcome statements that explain what 
the student was expected to learn. 
A student guide to direct the student through 
the module. 
When students attempted an actual application, 
they learned first hand about the difficulties of adapting 
jobs to robotics. 
Meier's report concludes with the following remarks: 
Refurbishing used robotic equipment can provide 
students with good hands-on maintenance experience 
and accomplish the following major goals: 
1. Teach them hands-on maintenance skills. 
2. Teach them about industrial robots. 
3. Provide the school with usable robots 
without the expense of purchasing them new. 
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4. Provide industry with skilled employees 
versed in robotics technology. 
The Material Handling/Robotics program will continue 
to expand and update, remaining in harmony with today's 
industrial practices. The key to the success in any 
program lies in the willingness of the instructor to 
learn new technologies and integrate them into his/her 
curriculum. (p. 153) 
Miscellaneous Robotics Training Efforts 
Various associations as well as individual companies 
also offer or support robotics training programs. 
The Society of Manufacturing Engineers (SME) through 
the Manufacturing Engineering Education Foundation (MEEF) 
and Robotics International of SME (RI-SME), provides a 
helping hand to robotics education (Kehoe, 1984). Faculty 
development grants, travel fellowships, capital equipment 
purchase programs, equipment gift programs, scholarships, 
and special library and curriculum awards are among the 
Foundation programs that can assist developing programs. 
Awards are made biannually in the spring and fall. 
RI/SME's Education and Training Division identifies 
educational needs in robotics. Subcommittees include 
abstract review, curriculum, emerging manufacturing 
technologies, laboratory development, long-range planning, 
non-industrial robotic applications, and program 
development. Fred Z. Sitkins, of Western Michigan Univer¬ 
sity (Kalamazoo, Michigan), Chairman, RI/SME Education and 
Training Division, has participated in the development of 
nd international forums. 
conference forums, clinics, tours, a 
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Division projects include a directory of robotics education 
and training institutions and a robotics certification 
program. In 1983, the division sponsored an education 
and training conference in the Detroit area. 
Charles P. Schultz (1986) developed a project in 
robotics education for the master's program at Barry 
University, Florida, which was presented at the Florida 
instructional computing conference. The project included: 
(a) designing a mobile robot—the Personal Instructional 
Robot-1 (PIR-1), (b) providing a guide to the purchase 
and assembly of necessary parts, (c) providing a way to 
interface the robot with common classroom microcomputers, 
and (d) providing a language by which the robot could 
be controlled—Personal Instructional Robot Programming 
Language (PIRPL). Schematic diagrams accompany a detailed 
description of the robot's hardware design, and information 
on the selection of robot components includes a list of the 
parts required with the vendor, ordering number, and cost 
for each part. Step-by-step instructions for assembling the 
robot include a base layout diagram. Instructions are also 
provided for interfacing the robot with either of two micro¬ 
computers—the VIC-20 Commodore and the Apple. The control 
language PIRPL is described, including commands, error 
messages, and listings of the computer codes for both micro¬ 
computers. Diagrams provided include the typical arrangement 
of a robotic system as well as interface cabling and wiring. 
Additional robot component sources and references 
complete this report. 
In 1985, the National Center for Research in 
Vocational Education published a book, High Technolnoyr 
Model Programs in the United States of America, 
Research and Development Series No. 258, by Charles R. 
Doty. This publication identifies exemplary programs 
and human resources in the automated manufacturing 
technologies. Its purpose is to assist vocational 
education program planners and curriculum specialists 
in updating programs and staff skills to prepare for high 
technology. Chapter 1 is an introduction. A narrative 
description of the seven programs deemed exemplary by 
the United States Secretary of Education is provided 
in Chapter 2. Program name, institution, and the institu¬ 
tion's location are highlighted at the beginning of each 
entry. The program description follows. Contact informa¬ 
tion, including mailing address and telephone number, 
is highlighted at the end. A graphic format of exemplary 
programs identified in a nationwide survey is presented 
in Chapter 3. Programs represent 18 technical areas: 
avionics, biomedical equipment technology, computer-aided 
design and drafting, computer-aided manufacturing, compute 
engineering technology, computer numerical control, 
electrical technology, electronics technology, electro¬ 
mechanical technology, graphics technology, industrial 
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optics, laser technology, mechanical engineering technology, 
process control and instrumentation technology, robotics, 
semi-conductor technology, solar technology, and tele¬ 
communications. A heading at the top of each page 
identifies the area. Information presented in box-form 
includes program title, contact information, whether 
assistance is available, whether a syllabus is available, 
whether the program is competency-based, start date, 
and a narrative description of the program. 
The National Center for Research in Vocation Educa¬ 
tion (1985) has also prepared a booklet, Future Influences 
on Vocational Education. Special Publication Series 
No. 46, by Lewis Morgan, et al. This booklet provides 
a brief overview of some of the major trends most likely 
to influence vocational education during the transition 
of the new technology. It is directed to all vocational 
educators, particularly planners and policymakers, who want 
a better understanding of the conditions under which their 
programs will operate. The impact of technology, especially 
robotics and office automation, are surveyed. Demographic 
changes in the population and labor force to which voca¬ 
tional education must adapt are examined, and job growth 
and openings are projected. Trends in enrollments and 
funding for vocational education are then summarized. 
Finally, the following implications for vocational 
education are advanced: shifts in curriculum emphasis, 
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changes in instructional methods, and the redirection 
of vocational education and the nature of jobs due 
to increasing advances in new technology. 
Unmet Needs 
The thrust of robotics training in the near future 
will be impacted by both the increasing numbers of 
installations and the advances in technology of the 
units. Warnet (1985) expects robot installations in 
the United States to increase from a figure of 25,000 
to about 150,000 by late 1990. Smith and Wilson (1982) 
projected U.S. robotics sales of $2 billion per year by 
1990. Much of this increase will be driven by economics 
and the need for manufacturing competitiveness in a world 
market. According to Smith and Wilson, robots increase 
productivity by 20-30%, and reduce the need for new 
capital investment. They also lower hourly operating 
costs drastically (Ayres & Miller, 1983). 
The Smith and Wilson study also projected that by 
1990 about 25% of robots will have vision and 20% will 
have tactile/touch sensors. The authors also expect 
96% of all robots to be of the "intelligent" universal 
programmable types by 1995. 
This burgeoning of robotics has serious implications 
for the numbers of workers that will be needed to run them 
and the kinds of skills they will need. For example: 
1 . What will the robot manufacturing work force 
look like? 
2. What skills will be crucial? 
3. What skills will be obsolete? 
4. Who will be responsible for the education and 
training that will be needed? 
While change in the national employment picture in 
the near future will not be massive, important advances 
are anticipated in the 1990s. As the rate of robot 
applications accelerates, dramatic changes in the employ¬ 
ment picture can be anticipated. Therefore, it is essen¬ 
tial that the federal government, education institutions, 
industry, and labor begin to plan with these consideration 
in mind (Polcyn, 1984). 
The latest United States Bureau of Labor Statistics 
(BLS) employment projections to 1995 provide some insight 
into trends pertaining to robot manufacturing-related 
occupations (Silvestri, 1983). The BLS projections 
identify 38 manufacturing-related occupations (Table 2.2). 
Virtually all classifications are expected to show an 
increase in employment totalling 2,918,000 by 1995. 
The largest anticipated increase is among mechanics, 
repairers, and installers (Table 2.3). 
BLS also provides projections on educators. Those 
classifications encompassing training and education 
related to manufacturing are presented in Table 2.4. 
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Table 2.2 
Employment Projections, 1982-1995, for 
Selected Manufacturing-related Occupations 
(Warnet, 1985, p. 227) 
Occupations 
Assemblers (operatives) 
Aircraft structure 
Assemblers 
Electrical machinery equipment 
Electrical and electronic 
Instrument 
Machine 
Wirers, electronic 
Mechanics, repairers, installers 
Air conditioning, refrigeration, heating mechanics 
Aircraft mechanics 
Automotive body repairers 
Automotive mechanics 
Computer service technicians 
Diesel mechanics 
Engineering equipment mechanics 
Industrial machinery repairers 
Installers, repairers, section maintainers 
Station installers 
Metalworking, craftworkers 
Boilermakers 
Machinists 
Machine tool setters, metal working 
Moulders, metal 
Sheet metal workers and tinsmiths 
Tool and die makers 
Metalworking operatives 
Electroplators 
Machine tool operators 
Welders and flamecutters 
Computer specialists 
Programmers 
Systems analysts 
Managers, officials, proprietors 
Auto parts department managers 
Auto service department managers 
Salesworkers 
Sales representatives, technical 
Engineers 
Electrical 
Industrial 
Mechanical 
Engineering and science technicians 
Drafters 
Electrical and electronic 
Industrial engineering 
Mechanical engineering 
Total employment 
1982 1995 
Per cent 
of change 
33.000 26.000 
-21 
307.000 379.000 23 
99.000 133.000 34 
286.000 362.000 27 
29.000 43.000 46 
170.000 214.000 25 
37.000 50.000 34 
168.000 223.000 33 
108.000 128.000 19 
155.000 196.000 26 
844.000 1.168.000 38 
55.000 108.000 97 
173.000 222.000 31 
83.000 94.000 13 
330.000 425.000 29 
78.000 100.000 32 
59.000 72.000 21 
40.000 43.000 8 
220.000 278.000 26 
55.000 68.000 25 
25.000 29.000 16 
188.000 252.000 34 
152.000 184.000 21 
32.000 35.000 11 
914.000 1.114.000 22 
490.000 595.000 21 
266.000 471.000 84 
254.000 471.000 80 
44.000 63.000 42 
54.000 78.000 44 
1.320.000 1.707.000 31 
320.000 528.000 65 
160.000 227.000 45 
209.000 318.000 56 
302.000 318.000 5 
366.000 589.000 61 
27.000 35.000 29 
48.000 72.000 52 
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Table 2.3 Projected Increase in 
related Jobs by 1995, 
Number of Manufacturing- 
(Warnet, 1985, p. 228) 
Occupation 
Increase 
Mechanics, repairers, installers 
Computer specialists 
Salesworkers 
Engineers 
Metalworking operatives 
Engineering and science technicians 
Assemblers 
Metalworking, craftworkers 
Managers, officials, proprietors 
683.000 
422.000 
387.000 
384.000 
308.000 
271.000 
246.000 
174.000 
43.000 
Total increase in jobs 2.918.000 
Table 2.4 Projections on Educators (1982- ■1995) 
• 
(Warnet, 1985, p. 228) 
Occupation 
Total employment 
1982 1995 
Per cent 
of change 
Adult education teachers 125.000 165.000 36 
Vocational education teachers 98.000 143.000 49 
College and university faculty 744.000 632.000 
-13 
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The consensus seems to be that robots will reduce 
the need for unskilled workers and increase the need for 
those with technical skills. For example, Feldman (1983) 
stated that: 
Technology is increasing demand for manpower 
as it is increasing the productivity of manpower. 
But technology changes the people-power mix. 
Robots and the Kind of technology robots represent_ 
arithmetically reduce the need for the lowest skilled 
workers, but geometrically increase the need for 
t echnicians. Technical education is, undoubtedly, 
a major growth industry, but as it grows it will 
change. The constituency it serves will change. 
Its content will continue to change. (pp. 3-4) 
What technical skills will be required? Perhaps 
surprisingly, they are likely to be primarily the 
practical rather than theoretical. 
During proceedings before the Congressional 
Sub-committee on Labor Standards, Brian Usilanes (1982), 
Associate Director of the National Productivity Group, 
reported that: "Technical barriers are encountered 
in getting automated equipment to function properly. 
These can include a lack of technical expertise— 
and shortage of qualified persons to operate and 
service automated equipment and systems" (U.S. Congress, 
House, 1982, p. 7). 
A similar conclusion is implied by the results of 
two significant research efforts pertinent to occupational 
changes in the robotics industry that were reported 
recently: (a) "Human Resource Implications of Robotics 
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by Hunt and Hunt (1983) and (b> -The Impacts of Automation 
on Employment 1963-2000" by Leontif and Duchin (1984). 
In both studies only one of the classifications studied 
requires college education; all others are craftworhers, 
operatives, laborers, and clerical personnel. However, 
this does not mean that robotics training should be 
restricted solely to "technician" subjects. For example, 
Walter Brooking, consultant in vocational and post-secondary 
education for Washington, D.C., points out that many robot 
suppliers and users agree that the education of a robotics 
technician should be broadly based and multidisciplinary. 
Related careers that are this comprehensive are instru¬ 
mentation technology and electromechanical technology. 
Training in these areas requires a strong base in physics, 
chemistry, and electrical fundamentals, all supported by 
mathematics, graphics, and shop skills (Brooking, 1983). 
In addition, Brooking explains that students in these 
technologies must understand six classes of devices- 
electrical, electronic, electro-mechanical, mechanical, 
fluids, and heating and cooling. 
For the success of these multi-disciplined curricula, 
Brooking suggests two conclusions: "First, the key 
curricular objective is the unified teaching of physics 
and math concepts. Second, early and continuous class 
and laboratory experience with the use of all five forms 
of energy is necessary" (p. 23). 
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In another article, "Today's High Technology Requires 
Super Technicians" (Brooking, 1982), he further suggests 
that "Technicians need to be trained to help design, 
produce, install, program, and maintain modern robots 
and other computer-controlled automated equipment. 
This training must come from a combination of electronic, 
mechanical, and computer programming technician curricula" 
<p. 21). 
The question is, how will this need for more technic¬ 
ally skilled workers be met? First, there is a growing 
shortage of educators. Bureau of Labor Statistics on 
classifications that encompass training and education 
related to manufacturing are shown in Table 2.4. 
They reveal the increasing demand for adult and vocational 
educators who are most likely to provide technical 
education at the post-secondary and secondary levels. 
Second, a number of people believe that new educa¬ 
tional programs will be required. Some headway has been 
made. Heath (1985) noted that: 
Robotics and industrial automation are getting started 
in the United States of America and a broad spectrum 
of schools has shown some interest. Some major univer¬ 
sities have invested heavily and are probably doing 
a great deal of research; some community colleges have 
also established significant programs. Many high 
schools and vocational schools in the United States 
of America are beginning to offer instruction 
in robotics and industrial automation. (p. 136) 
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Earlier, he stated: "Some instruction is even being 
done at the elementary and junior high school level. 
This lower level is usually of an awareness nature" 
(p. 131). 
Others, however, see a need for new programs. 
George Munson, Vice-President of Marketing Unimation, 
Inc., the first developer of industrial robots, has stated 
that: "New programs are required to develop the required 
curricula, particularly at the vocational school level." 
He further noted: "We have neglected this urgent need. 
If we continue to do so, it will not be robots that take 
jobs—it will be our competitors" (U.S. Congress, House, 
1982, p. 93). 
M.P. Groover, et al (1986) reported that: 
One of the limitations in the growth of robotics and 
automation may prove to be the instructional system 
that is responsible for providing education and 
training in these fields. Except in certain "pockets 
of excellence" in the country, there exists a general 
shortage of instructors, state-of-the-art laboratory 
facilities, and other resources needed to implement 
modern education programs in high-technology production 
areas, (p. 498) 
Malcolm (1988) observed that: 
When a new technology appears in the manufacturing 
area, one of the most important concerns is how 
industry will find the individuals who can operate 
and service the new equipment. Here is where 
training comes in. In the robotics field, there are 
basically two types of training that will be required: 
The training offered by vocational technical schools 
or community colleges and the training offered by 
manufacturers of the robots, also known as vendor 
training. (pp* 352-353) 
In conclusion, the need for ongoing education and 
training is essential if the present and future work force 
is to adapt adequately to the technological changes 
occurring in the workplace. That adaptation takes into 
account the design of the job, the tasks to be performed, 
and the transfer of skills to evolving jobs. It also 
encompasses worker attitude, satisfaction, and resilience, 
as well as communication and interpersonal relations_ 
in other words, the entire climate of the workplace. 
Education for robotics to fulfill all the needs should 
include: 
1 . Preparing the new work force for emerging occupatipns 
and occupational change. 
2. Retraining existing and displaced workers in skill 
areas that are relevant and guarantee employment. 
3. Providing life-long learning to all workers to stave 
off occupational obsolescence. 
4. Preparing quality educators and trainers able to 
remain current in their fields. 
5. Developing curricula which take into account the 
transferability of skills and the new essential skill 
6. Preparing management to handle technological changes. 
Whether or not the employment projections presented 
earlier are accurate, tremendous change is occurring in 
the manufacturing work force, due in large part to the 
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increasing use of robots in the workplace. This change 
will continue into the next century. Along with education 
institutions, robot manufacturers and users increasingly 
will be considered responsible for preparing the robotics- 
related manufacturing work force. In this respect, 
both education and industry in the United States of 
America face common clearly defined problems, among them: 
resistance to change, keeping up with the constantly 
changing state-of-the-art, finding and keeping qualified 
instructors, updating curricula, and inadequate resources. 
Collaboration among educators, industry, labor, and 
government is essential to resolve the immediate and 
future problems. 
Summary 
Adequate education is perhaps the single most 
important prerequisite for the successful use of new 
technology today. Education may be needed not only to 
provide a general understanding of the functions and 
pros and cons of the technology but also to ensure the 
safe and proper operation of the equipment as intended 
by its manufacturer. 
One consequence of the predicted annual robot growth 
rate of 35% during the 1980s and the early 1990s is that 
both the decision-makers and the operation and maintenance 
personnel must continue to familiarize themselves with 
the current technology of robotics. Accordlng to RathBin 
(1983): 
e ne«. 
"s^;sn::siSnn^9L°ilso 
re-es?ablish°rtUnity °f 9reat Pot.nti.! Jor 
mor!^ bl hln9 educati°n and training on a 
re appropriate basis. (p. 93) 
The industrial robot not only provides a prime example 
of the need for interdisciplinary training and education. 
its implications go much, much further. Rathroill (1983) 
gives this explanation: 
the Unit2d1??ir1 ?h^nge that we are facing within 
lted S!ates Industrial Society is not a major 
abili?v9to ^ itSelf’ the maJor challenge is our 
1-0 respond more rapidly than our competitors 
to this change. A key factor in the United States' 
capability to keep pace with the rate of robot 
technology advancement is that of an adequate number 
of trained teachers, well-established institutions 
and appropriate training programs in vocational 
technical education. (p. 89) 
From the review of the literature, it appears that: 
1 . The industrial practices of firms employing robots 
are unique in that they are more complex (doing more 
things) than older manufacturing systems. 
2. The complexities of robotics require industry employee 
to have extensive backgrounds knowledge and skills 
for interacting with the various manufacturing systems 
3. Educational curricula meet industry's requirements 
for the most part, but do not meet industry require¬ 
ments in robotics, system analysis, servicing, and 
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maintenance. New employees need more skills and 
practice than theory. 
4. Industry and education agree on what the requirements 
are for industrial robot technicians, but education 
is lagging behind industry in its curricula. 
Lately, however, education's interest in curricula 
is increasing. 
5. Agreements for robotic curricula have been based 
on findings from industry and education. 
6. Industry is willing to help education in the 
development of new curricula for robotics. 
7. Robotics must be included in vocational secondary 
education programs if the stated goals in public 
education are going to be met. 
8. The use of industrial robots is advancing rapidly; 
therefore, education's curricula should continually 
be updated with data gathered from industry. 
The findings of the review of literature reveal that 
since most of the current robotics education programs 
have been developed and designed around the post-secondary 
education (community colleges and universities) and since 
skill and practice are required for robotics more than 
theory, there is a great need to do something in vocational 
secondary education to train students in robotics 
technology. 
There are two reasons for the above stated need: 
First, the vocational education students are practiced 
and trained more in skills than in theory at the tradi¬ 
tional education level. Second, they represent the 
majority of our technical society and this will be 
crucial in filling the gap in the work force that 
is needed for the future of the United States economy. 
CHAPTER 3 
METHOD OF STUDY 
Int roduction 
The purpose of this study was to design a curri¬ 
culum of robotics and automated systems for vocational 
education at the secondary level based on an industry 
needs assessment. The curriculum would reflect the 
current and anticipated education and competencies 
required by industry for employees working with 
robots and automated systems. The descriptive survey 
method of research was used to obtain the data for 
this study. 
One survey instrument was developed and used 
for collecting the data needed to complete the study. 
The development of this instrument was based on an 
analysis of the review of literature, including 
suggested programs in robotics/automated systems for 
two-year curricula at community colleges, proprietory 
schools, and trade schools; also, on a limited number 
of observations of curriculum programs at four-year 
colleges and universities, and visits to industrial 
plants using robots and automated systems. Furthermore, 
the review of literature was used to investigate similar 
studies using the survey method of research for the purpose 
of developing other technical field curricula for secondary 
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vocational education programs. There was some evidence 
that new curricular offerings were evolving in secondary 
vocational education, but no specific studies were found. 
The literature search also revealed there were many 
designs with specific goals and objectives in establishing 
proper assessment techniques for curriculum development. 
According to Finch and Crunkilton (1989), “Making sound 
curriculum content decisions is an essential element 
of the curriculum development process" (p. 172). 
In a simple model of curriculum, Kerr (1968) included 
four components—objectives, knowledge, learning experi¬ 
ences, and evaluation. Therefore, the designer of the 
curriculum is required to answer the four questions 
outlined by Kerr (pp. 13-38): 
a. What is the purpose of the curriculum? 
b. What subject matter is to be used? 
c. What learning experience and school system 
are to be provided? 
d. How are the results to be assessed? 
(Hooper, 1972) 
According to Doll (1989), the most important element 
in a curriculum design is the significance of the evaluation 
in the form of surveys, opinion polls, follow-up studies 
of graduates, standard evaluation instruments, and other 
procedures. 
The common reason for evaluating the curriculum is 
■to know what moves to make next" (Talmadge, 1985, pp. 1-8). 
Most of the survey instruments today are not tailored 
to the evaluation needs of any one particular school 
system. Therefore, when they are used they should 
be supplemented with questions and other evaluation 
items that conform to the needed situation. 
The survey instrument used in this study was unique 
in design and after validation by a jury was sent to 
110 contact persons of United States manufacturers in 
industries using robots, who were identified and randomly 
selected from the 1990 Automation Buyers Guide of the 
December, 1989 Manufacturing Engineering Magazine of 
SME, the 1990 Robotic World Directory, and the Robotics 
Industries Association user list. 
The results of the survey instrument established 
the current robotic course offerings that should be in 
the secondary vocational education programs and industry's 
current expected education and competencies of robotics 
and automated systems technicians. In addition, the survey 
instrument determined if there were any anticipated changes 
in course offerings and in industry's future expected 
education and competencies of employees. 
The proposed curriculum then was studied by an advisor 
review board consisting of 13 members, six from vocational 
secondary education and seven from industry, Knowledgeable 
in curriculum development in the field of robotics/auto¬ 
mated systems and/or related programs. The reviewing 
board analyzed the contents of the robotics and automated 
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systems curriculum and proposed changes and enhancements. 
Using the approach of surveying industry needs along 
with thorough evaluation by an educational and industrial 
reviewing board allowed for communication between industry 
and education and resulted in the development of a curri¬ 
culum that would establish the competencies and education 
required by industry for robotics and automated systems 
technicians. 
The curriculum included both general technology 
and robotics technology courses, as well as the usual 
academic general skills courses, and would give the 
student practical as well as theoretical knowledge with 
emphasis on practical training. The curriculum would 
allow students to enter industry as competent operators, 
service personnel, or maintenance technicians of 
automated equipment. 
Population Description 
The population for this study consisted of 110 randomly 
selected firms from a composite list of 330 manufacturers 
in the United States who use robots/automated systems for 
producing products or processing goods. To obtain the 
composite list, letters were sent to Robotics International 
of the Society of Manufacturing Engineers, the Robotics 
Industries Association, the Communication Channels, Inc., 
Publishers of the 1990 Robotics World Directory, and other 
sources (see Appendix A for copies of letters). 
The method used to obtain the 110 firms from the 
composite list of manufacturers was random sampling, 
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as follows: 
1 . Three lists of manufacturing firms were obtained from 
three different sources. One list was in alphabetical 
order by manufacturer's name, and the other two by the 
contact person's name. The original number of firms— 
as obtained from these sources—was 337; however, seven 
of the firms were from foreign countries and were imme¬ 
diately removed from the lists since only United States 
firms were allowed to participate in this survey. 
Therefore, the three lists were comprised of 330 firms. 
2. In order to condense the three lists into one so as 
to properly represent the population, the following 
three steps were followed: 
a. First, the third firm of each list was taken, 
starting from the top and continuing in a cycling 
pattern all the way to the bottom of each list 
consecutively until a new list of 110 was formed. 
b. Next, the second firm from each list was taken, 
starting again from the top and cycling all 
the way to the bottom of each list consecutively 
until the new list became 220. 
c. Third, the remaining firms were taken in the same 
sequence as above, and placed at the bottom of the 
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new list in order to obtain a single list of 330 
firms. 
In order to obtain true random sampling so each of 
the 330 firms had an equal chance of being included in 
the sample and to maintain direct proportionality for 
every state listed, the following steps were taken: 
a. The new list of the 330 firms was separated by 
state, in alphabetical order, starting again from 
the top of the new list. The new list represented 
a total of 29 states, therefore, the 330 manu¬ 
facturers were separated into 29 groups in 
multiples of three. If more than a multiple 
of three was found in any group, the extra firm(s) 
was removed to the top of the next state group 
in order to have an equal opportunity to be 
included in the sample. 
b. Using the list which was sorted alphabetically 
by state, a three-digit number, called the 
sampling number, was assigned to each firm's name 
sequentially, beginning with 051 for the first 
name and continuing through 380 for the last 
name. Sample numbers were drawn from the first 
line of a random-number table (Spiegel, 1988, 
p. 495) in continuous sequence for each state 
separately, thus allowing one of every three 
names to be chosen in true random fashion. 
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The result was 110 samples randomly selected 
from the list of 330 firms. See Table 3.1 below 
for details of mailing and responses. 
Table 3.1 Mailing and Responses of Survey Instrument 
by State 
State 
No. of 
Mailings 
No. of 
Usable 
Responses 
No. of 
Unusable 
Responses 
No. of 
Non-Responses 
Alabama 1 1 
Arizona 2 1 — 1 
California 8 5 1 2 
Connecticut 1 1 1 — 
Florida 4 2 1 1 
Georgia 2 1 — 1 
Idaho 1 1 — — 
Illinois 7 3 1 3 
Indiana 2 1 - 1 
Iowa 2 1 - 1 
Maryland 3 1 1 1 
Massachusetts 18 16 2 - 
Michigan 10 9 - 1 
Minnesota 1 1 - - 
Missouri 3 1 2 - 
New Hampshire 1 1 - — 
New Jersey 3 1 2 — 
New Mexico 1 1 - — 
New York 6 2 1 3 
Ohio 10 7 1 2 
Oklahoma 2 1 1 — 
Oregon 3 1 — 1 
Pennsylvania 5 2 1 2 
Rhode Island 1 1 — 
South Carolina 3 2 1 
Tennessee 2 1 1 ““ 
T exas 3 2 1 ““ 
Washington 2 1 1 
Wisconsin 3 2 1 
Total 110 70 20 20 
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Instrument Description 
The descriptive survey instrument was designed 
and sent to robotics contact persons in industry 
(see Appendix B) to extract respondent's knowledge 
of the education and experience which industry requires 
for present and future employees working in the field 
of robotics and automated systems as service technicians. 
The survey instrument contained two major sections: 
Section I, Technology Skills, and Section II, General 
Skills. Each of the sections had a number of topics 
with individual survey items within each topic. There 
were a total of 14 topics and 50 items. 
Respondents were asked to rate each competency listed 
for both present needs and future needs. A four-point 
Likert-type scale was developed (0 = None, 1 = Limited, 
2 = Moderate, and 3 = Extensive) for measuring the 
importance the respondents placed on each item for 
both need categories. 
Instrument Development 
The 14 topics and 50 items for the survey instrument 
were developed from an analysis of the review of literature, 
observation of manufacturing firms using or developing 
industrial robots, materials received from seminars attended 
in robotic curriculum development, and experience of the 
researcher. 
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Survey Instrument Validation 
The survey instrument was validated by a jury 
(see Appendix C for list of jury members) consisting 
of three individuals presently teaching on the college 
or university level and three representatives from 
industry Knowledgeable in the field of robotics and 
automated systems. The selection of the jury was based 
on current education, expertise, and prior experiences 
in education and industry. 
A brief description of each of the jury member's 
experience follows: 
Industry 
Mr. Robert Mancieri. Vice-President of Operations, 
including manufacturing, quality control, servicing 
and maintaining robotic systems and automatic equipment 
for production lines with emphasis on training and 
supervising service personnel. 
Mr. Donald Pieper. Vice-President of Engineering, 
head of a Robotic Systems design company developing 
robotic systems for industrial manufacturers. 
Mr. Mord Wiesler. President of a firm manufacturing 
robotics/automatic systems and robotics work cells for 
industry; extensive background in manufacturing techniques, 
maintenance, and design. 
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Education 
Paul A. Kales. M. S. Assistant Professor, Industrial 
Technology, specializes in statistics, quality control and 
manufacturing productivity. Thirteen years of teaching 
at the university level and 17 years industrial experience 
with an extensive background in developing survey 
instruments, collecting education data, and curriculum 
development for the Massachusetts Vocational Technical 
School System. 
Patrick D. Krolak, D.Sc. Professor of Computer 
Science and Director of Productivity Center, 22 years 
of experience in education, research, and industry with 
a specialized background in manufacturing techniques 
and active in developing robotic and automated systems 
curriculum for higher productivity. He has published 
over 50 papers on factory automation. 
Robert J. Tuholski. Ph.D. Associate Professor, 
Manufacturing Engineering, 13 years of experience 
in developing curriculum for vocational and industrial 
education, coordinator of cooperative education, 
six years at the university level, active in state 
and national professional education organizations, 
and involved in robotics/automated systems development. 
71 
The jury was asked to evaluate the instrument for the 
following: 
1. Clarity of meaning 
2. Simplicity of design 
3. Degree of content 
A sample letter to the jury can be found in Appendix D. 
Obtaining the Data 
Once the instrument had been validated, it was 
professionally printed on quality paper and mailed 
to robotics contact persons along with a cover letter 
explaining the importance of the study; in addition, 
two printed, self-addressed, stamped return envelopes 
were also provided (see Appendix E). 
A period of two weeks was allowed for the first 
response. A follow-up letter, together with an additional 
instrument, was then sent to those who had not responded, 
requesting that the survey instrument be filled out 
and returned (see Appendix F). Also, a telephone call 
followed. 
The program 
instrument came 
a comprehensive 
Data Analysis 
to analyze the data of the survey 
from the package of MINITAB (Ryan, 1985), 
computer tool for managing, analyzing, 
and displaying data as follows: 
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First, polygon graphs wore developed for each item 
illustrate, in detail, the comparison between present 
and future industry's needs. 
Second, the two major sections of the survey instrument 
(Technology and General Skills) were presented separately 
in tabular form with listings of individual items from 
highest to lowest ratings, by using the weighted mean in 
which each value was weighted according to its importance 
in the overall group. 
Third, the 50 items were separated in accordance 
with their frequency distribution rating into three 
distinct categories: 
A. Extensive—with mean rating from 3.00 to 2.00, 
indicating that education and competencies were needed 
extensively (more). 
B. Moderate—with mean rating from 1.99 to 1.50, 
indicating that education and competencies should be needed 
in moderation (same). 
C. Limited—with mean rating from 1.49 to 0, 
indicating that education and competencies should be 
limited (less) . 
Fourth, the paired t-Test was utilized as appropriate 
for all items to show if retention or rejection of the item 
would occur when present and future needs were compared. 
The alpha level was set 0.05 a priori. 
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Fifth, an item analysis and interpretation of the 
results of the collected data were made to determine 
the importance and significance of each item for course 
content selection under the 14 topics of the survey. 
The results of the analysis were used to develop, 
under the evaluation of a reviewing board (see Appendix G 
for list of members), a suggested curriculum for the 
four-year program of robotic/automated systems service 
technician (see Appendix I for the suggested curriculum). 
The findings of the analysis are presented in Chapter 4. 
Conclusions for the suggested curriculum are presented 
in Chapter 5. 
The suggested curriculum was sent to the educational 
committee of Robotics International of the Society of 
Manufacturing Engineers and to the United States Department 
of Education, Office of Vocational and Adult Education, 
Division of National Vocational Programs (see Appendix J) 
for validation. 
CHAPTER 4 
FINDINGS 
Purpose 
The purpose of this study was to design a curriculum 
of robotics and automated systems for vocational educa¬ 
tion at the secondary level based on an industry needs 
assessment. Therefore the analysis of what service 
technician education and competencies were required 
was assessed upon present and anticipated industry needs. 
The method used for this analysis was to survey 
randomly selected industrial firms in order to evaluate 
the skill requirements and to determine the proper courses 
for the robotics and automated systems curriculum. 
The results of these findings, together with the 
evaluation of a reviewing board, were used to develop 
3 suggested curriculum for a four—year program of robotics 
and automated systems service technician for vocational 
education at the secondary level (see Appendix I). 
The MINITAB sub-programs, multiple plot, and t-test 
were utilized to determine if significant differences 
of opinion existed among respondents to the survey. 
Comparison between similar statement responses were 
also used to find significant differences. 
74 
Collection of Data 
The survey instrument (see Appendix B) was sent, 
on November 16, 1989, to randomly selected industrial 
firms using robotics and automated systems in the 
manufacture of their products. 
To facilitate both data collection and the greater 
number of respondents, certain procedures were followed. 
Each survey form was sent with a cover letter. The letter 
introduced the researcher and explained the purpose of the 
survey (see Appendix E). Instructions noted the use of 
a larger envelope in which to mail the survey form to a 
collection address and also the use of a smaller envelope 
in which to return a consent form to the researcher's home 
address. A specific request was made not to identify 
the name of the respondent or his/her company on the surve 
form. 
This system was used to assure that the individual's 
information would be Kept confidential and anonymous. 
This was also specifically stated in the cover letter. 
Response Rate 
As of November 30, 1989, 54 survey instrument 
replies were received, representing 49% of the 110 sent. 
On December 1, 1989, a follow-up letter serving as 
a reminder, together with an additional survey form and 
self-addressed envelope, were mailed to those who had not 
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responded within two weeks of the initial mailing 
(see Appendix F). 
The second mailing produced an additional 16 responses, 
which brought the number of usable responses to 70, as of 
December 24, 1989. This represented 63.6% of the total. 
In addition, 16 mailings were returned with no 
forwarding address, and four individuals could not parti¬ 
cipate in the study because they lacked knowledge in the 
subject area, which brought the unusable responses to 20, 
or 18.2% of the total. This left a net of 90 potential 
returns. Twenty, or 18.2% of these were unresponsive. 
The 70 usable returns yielded a response rate of 77.8% 
of the potential. (see Table 3.1) 
Statistical Manipulation Procedures 
The program used to plot, tabulate, and analyze 
all data was the statistical package of MINITAB. 
The specific sub-programs utilized for this study 
were: 
A. The weighted mean—the weighted arithmetic 
average in which each item of the survey was weighted 
according to its importance in the overall group 
(Sprinthall, 1990). 
B Plot with symbols—a frequency polygon distri¬ 
bution was charted to compare the responses and scores 
ent and future industry needs. between pres 
77 
c* Paired t-test—comparing two means to distin¬ 
guish the difference between paired data and independent 
samples. 
D. Testing hypothesis—using two tailed-test to 
detect the difference in means between present and future 
needs. 
Presentation of Data 
Graphical Results 
For clarity and overall comparison between present 
and future industry needs, the 50 items of the survey 
instrument are plotted individually on polygon graphs. 
Figures 4.1 to 4.50 show, in detail, each item indicating 
the number of responses with the appropriate score range. 
Also, above each graph is included an explanation of the 
results under its appropriate topic (see pages 78 to 127). 
Blueprint Reading. The graph below shows that the 
respondents indicated a need for more extensive educa¬ 
tion for future students who will be trained in the 
areas of fundamentals and principles of electro¬ 
mechanical blueprint reading. The present level of 
education will not be sufficient for industry's future 
needs . 
GRAPH OF ITEM 1 
Figure 4.1 Comparison between present and 
future needs for Item 1. 
Item 1: Fundamentals and principles of 
electromechanical blueprint reading. 
Score: 0 = None, 1 = Limited, 2 = Moderate, 
3 = Extensive. 
Point: A - Present needs 
B - Future needs 
Machine Tool Fundamentals. The graph below shows 
that the respondents indicated a need for more exten¬ 
sive education for future students who will be trained 
in the areas of basic handtool usage and machine shop 
practice. The present level of education will not be 
sufficient for industry's future needs. 
GRAPH OF ITEM 2 
Item 2: Basic handtool usage and machine shop 
practice. 
Score: 0 = None, 1 = Limited, 2 * Moderate, 
3 = Extensive. 
Point: A - Present needs 
B - Future needs 
2 - A & B on the same position 
Machine Tool Fundamentals. The graph below shows 
that the respondents indicated a need for more moderate 
education for future students who will be trained in the 
areas of welding, soldering, brazing, and adhesive bond¬ 
ing techniques. The present level of education will not be 
sufficient for industry's future needs. 
Item 3: Welding, soldering, brazing, and adhesive 
bonding techniques. 
Score: 0 = None, 1 = Limited, 
3 = Extensive. 
2 = Moderate, 
Point: A - Present needs 
B - Future needs 
2 - A & B on the same position 
Industrial Safety. The graph below shows that the 
respondents indicated a need for extensive education for 
future students who will be trained in the areas of in¬ 
dustrial organization and safety procedures. The pre¬ 
sent level of education will not be sufficient for in¬ 
dustry's future needs. 
GRAPH OF ITEM 4 
Item 4: Industrial organization and safety 
procedures . 
Score: 0 = None, 1 = Limited, 2 = Moderate, 
3 = Extensive. 
Point: A - Present needs 
B - Future needs 
2 - A & B on the same position 
Industrial Safety. The graph below shows that res¬ 
pondents indicated a need for more moderate education 
for future students who will be trained in the areas 
of hazardous environments and their control. The pre¬ 
sent level of education will not fulfill industry's 
future needs. 
GRAPH OF ITEM 5 
Figure 4.5 Comparison between present and 
future needs for Item 5. 
Item 5: Hazardous environments and their control 
Score: 0 = None, 1 = Limited, 2 = Moderate, 
3 = Extensive. 
Point: A - Present needs 
B - Future needs 
Industrial Safety. The graph below shows that the 
respondents indicated a need for more extensive edu¬ 
cation for future students who will be trained in the 
area of promoting safe practices. The present level of 
education will not be sufficient for industry's future 
needs . 
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Figure 4.6 Comparison between present and 
future needs for Item 6. 
Item 6: Promoting safe practices. 
Score: 0 = None, 1 = Limited, 2 = Moderate, 
3 = Extensive. 
Point: A - Present needs 
B - Future needs 
Basic Electricity. The graph below shows that the 
respondents indicated a need for more extensive edu¬ 
cation for future students who will be trained in the 
areas of electron theory and AC-DC principles. The 
present level of education will not be sufficient for 
industry's future needs. 
GRAPH OF ITEM 7 
Figure 4.7 Comparison between present and 
future needs for Item 7. 
Item 7: Electron theory, AC-DC principles. 
Score: 0 = None, 1 = Limited, 2 = Moderate, 
3 = Extensive. 
Point: A - Present needs 
B - Future needs 
2 - A & B on the same position 
Basic Electricity. The graph below shows that the 
respondents indicated a need for more extensive educa¬ 
tion for future students who will be trained in the 
areas of components and component symbols. The pres¬ 
ent level of education will not be sufficient for in¬ 
dustry's future needs. 
GRAPH OF ITEM 8 
Figure 4.8 Comparison between present and 
future needs for Item 8. 
Item 8: Components and component symbols. 
Score: 0 = None, 1 = Limited, 2 = Moderate, 
3' = Extensive . 
Point: A - Present needs 
B - Future needs 
2 - A & B on the same position 
Basic Electricity. The graph below shows that the 
respondents indicated a need for more extensive education 
for future students who will be trained in the areas of 
circuit laws and measuring instruments. The present 
level of education will not be sufficient for industry's 
future needs . 
GRAPH OF ITEM 9 
Item 9: Circuit laws and measuring instruments. 
Score : 0 = None, 1 = Limited, 2 = Moderate, 
3 = Extensive. 
Point: A - Present needs 
B - Future needs 
2 - A & B on the same position 
Electronics. The graph below shows that the res¬ 
pondents indicated a need for the same extensive educa 
tion for both present and future students who will be 
trained in the area of electronic AC-DC circuits. 
GRAPH OF ITEM 10 
Figure 4.10 Comparis.on between present and 
future needs for Item 10. 
Item 10: Electronic AC-DC circuits. 
Score: 0 = None, 1 = Limited, 2 = Moderate, 
3 = Extensive. 
Point: A - Present needs 
B - Future needs 
2 - A & B on the same position 
Electronics. The graph below shows that the res¬ 
pondents indicated a need for more extensive education 
for future students who will be trained in the areas of 
discrete and solid state devices. The present level of 
education will not be sufficient for industry's future 
needs . 
GRAPH OF ITEM 11 
SCORE 
Figure 4.11 Comparison between present and 
future needs for Item 11. 
Item 11: Discrete and solid state devices. 
Score: 0 = None, 1 = Limited, 2 = Moderate, 
3 = Extensive. 
Point: A - Present needs 
B - Future needs 
2 - A & B on the same position 
Electronics. The graph below shows that the res¬ 
pondents indicated a need for more extensive education 
for future students who will be trained in the areas of 
basic theory and application of logic circuits. The 
present level of education will not fulfill industry's 
future needs. 
GRAPH OF ITEM 12 
Figure 4.12 Comparison between present and 
future needs for Item 12. 
Item 12: Basic theory and applications of 
logic circuits. 
Score: 0 = None, 1 = Limited, 2 = Moderate, 
3 = Extensive. 
Point: A - Present needs 
B - Future needs 
Electronics. The graph below shows that the res¬ 
pondents indicated a need for more extensive education 
for future students in the areas of control circuits, 
analysis and servicing. The present level of education 
will not be sufficient for industry's future needs. 
GRAPH OF ITEM 13 
Figure 4.13 Comparison between present 
and future needs for Item 13. 
Item 13: Control circuits, analysis, and 
servicing. 
Score: 0 = None, 1 = Limited, 2 = Moderate, 
3 = Extensive. 
Point: A - Present needs 
B - Future needs 
2 - A & B on the same position 
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Electronics. The graph below shows that the respond¬ 
ents indicated that more extensive education will be needed 
for future students who will be trained in the areas of 
opto-isolated modules numbering systems, numbering systems, 
digital logic, flip-flops, registers and counters. The 
present level of education will not be sufficient for in¬ 
dustry's future needs. 
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GRAPH OF ITEM 14 
Figure 4.14 Comparison between present and 
future needs for Item 14. 
Item 14: Opto-isolated modules, numbering 
systems, digital logic, flip-flops, 
registers and counters. 
Score: 0 = None, 1 = Limited, 2 = Moderate, 
3 = Extensive. 
Point: A - Present needs 
B - Future needs 
2 - A & B on the same position 
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Electronics. The graph below shows that the res¬ 
pondents indicated a need for the same extensive education 
for both present and future students who will 
be trained in the areas of microprocessor systems, trouble¬ 
shooting, servicing, and interfacing. 
GRAPH OF ITEM 15 
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Figure 4.15 Comparison between present 
and future needs for Item 15. 
Item 15: Microprocessor systems, trouble¬ 
shooting, servicing, and interfacing. 
Score: 0 = None, 1 = Limited, 2 = Moderate, 
3 = Extensive. 
Point: A - Present needs 
B - Future needs 
2 - A & B on the same position 
Electronics. The graph below shows that the res¬ 
pondents indicated a need for more extensive education 
for future students who will be trained in the area of 
programmable controllers. The present level of education 
will not be sufficient for industry's future needs. 
GRAPH OF ITEM 16 
SCORE 
Figure 4.16 Comparison between present 
and future needs for Item 16. 
Item 16: 
Score : 
Programmable controllers. 
0 = None, 1 = Limited, 2 = Moderate, 
3 = Extensive. 
Point: A - Present needs 
B - Future needs 
Fluid Power. The graph below shows that the res¬ 
pondents indicated a need for more moderate education 
for future students who will be trained in the areas 
of pumps, compressors, valves, hydraulic, and pneumatic 
circuits. The present level of education will not ful¬ 
fill industry's future needs. 
GRAPH OF ITEM 17 
SCORE 
Figure 4.17 Comparison between present 
and future needs for Item 17. 
Item 17: Pumps, compressors, valves, hydraulic 
and pneumatic circuits. 
Score: 0 = None, 1 = Limited, 2 = Moderate, 
3 = Extensive. 
Point: A - Present needs 
B - Future needs 
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Fluid Power. The graph below shows that the res¬ 
pondents indicated a need for more moderate education 
for future students who will be trained in the areas of 
control devices, components, functions, and common systems. 
The present level of education will not fulfill industry's 
future needs . 
GRAPH OF ITEM 18 
Figure 4.18 Comparison between present 
and future needs for Item 18. 
Item 18: Control devices, components, functions, 
and common systems. 
Score: 0 = None, 1 = Limited, 2 = Moderate, 
3 = Extensive . 
Point: A - Present needs 
B - Future needs 
Fluid Power. The graph below shows that the res¬ 
pondents indicated that extensive education will be 
needed for future students who will be trained in the 
area of programmable fluidic controllers. The present 
moderate level of education will not be sufficient for 
industry's future needs. 
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Figure 4.19 Comparison between present 
and future needs for Item 19. 
Item 19: Programmable fluidic controllers. 
Score: 0 = None, 1 = Limited, 2 = Moderate, 
3 = Extensive. 
A - 
B - 
GRAPH OF ITEM 19 
Point: Present needs 
Future needs 
Fluid Power. The graph below shows that the res¬ 
pondents indicated a need for moderate education for 
future students who will be trained in the areas of 
hydraulic and pneumatic circuit analysis and ser¬ 
vicing. The present level of education will not ful¬ 
fill industry's future needs. 
GRAPH OF ITEM 20 
Figure 4.20 Comparison between present 
and future needs for Item 20. 
Item 20: Hydraulic and pneumatic circuit 
analysis and servicing. 
Score: 0 = None, 1 = Limited, 2 = Moderate, 
3 = Extensive. 
Point: A - Present needs 
B - Future needs 
2 - A & B on the same position 
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Computer Programming. The graph below shows that 
the respondents indicated a need for extensive education 
for future students who will be trained in the area of 
BASIC programming. The present moderate level of education 
will not be sufficient for industry's future needs. 
GRAPH OF ITEM 21 
Figure 4.21 Comparison oetween present 
and future needs for Item 21. 
Item 21: BASIC programming. 
Score: 0 = None, 1 = Limited, 2 = Moderate, 
3 = Extensive. 
Point: A - Present needs 
B - Future needs 
2 - A & B on the same position 
Computer Programming. The graph below shows that 
the respondents indicated a need for extensive education 
for future students who will be trained in programmable 
controller programming. The present moderate level of 
education will not fulfill industry's future needs. 
GRAPH OF ITEM 22 
Figure 4.22 Comparison between present 
and future needs for Item 22. 
Item 22: Programmable controller programming. 
Score: 0 = None, 1 = Limited, 2 = Moderate, 
3 = Extensive. 
Point: A - Present needs 
B - Future needs 
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Computer Programming. The graph below shows that 
the respondents indicated a need for more moderate 
education for future students who will be trained in the 
area of robot programming languages. The present level 
of education will not be sufficient for industry's future 
needs. 
GRAPH OF ITEM 23 
SCORE 
Figure 4.23 Comparison between present and 
future needs for Item 23. 
Item 23: Robot programming languages-- 
(Rail, Val, Sigla, Help, AML, Karel, etc.) 
Score: 0 = None, 1 = Limited, 2 = Moderate, 
3 = Extensive. 
A - 
B - 
Point: Present needs 
Future needs 
Mechanical Components. The graph below shows that 
the respondents indicated a need for more moderate 
education for future students who will be trained in 
the areas of gears, belts, speed reducers, and chain 
drives. The present level of education will not ful¬ 
fill industry's future needs. 
GRAPH OF ITEM 24 
Figure 4.24 Comparison between present 
and future needs for Item 24. 
Item 24: Gears, belts, speed reducers, and 
chain drives . 
Score: 0 = None, 1 = Limited, 2 = Moderate, 
3 = Extensive. 
A - Present needs 
B - Future needs 
2 - A & B on the same position 
Point: 
Mechanical Components. The graph below shows that the 
respondents indicated a need for more moderate education 
for future students in the areas of bearings, couplings, 
clutches, brakes, cams, and flywheels. The present 
level of education will not be sufficient for industry's 
future needs. 
GRAPH OF ITEM 25 
Figure 4.25 Comparison between present 
and future needs for Item 25. 
Item 25: Bearings, couplings, clutches, brakes, 
cams, and flywheels. 
Score: 0 = None, 1 = Limited, 2 = Moderate, 
3 = Extensive. 
A - 
B - 
Point: Present needs 
Future needs 
Electromechanical Devices. The graph below shows 
that the respondents indicated a need for more moderate 
education for future students who will be trained in the 
area of electromagnetic devices. The present level of 
education will not fulfill industry's future needs. 
GRAPH OF ITEM 26 
SCORE 
Figure 4.26 Comparison between present 
and future needs for Item 26. 
Item 26: Electromagnetic devices. 
Score: 0 = None, 1 = Limited, 2 = Moderate, 
3 = Extensive. 
Point: A - Present needs 
B - Future needs 
2 - A & B on the same position 
Electromechanical Devices. The graph below shows 
that the respondents indicated a need for more moderate 
education for future students who will be trained in the 
area of electromagnetic devices. The present level of 
education will not fulfill industry's future needs. 
GRAPH OF ITEM 27 
Figure 4.25 Comparison between present 
and future needs for Item 27. 
Item 27: AC-DC motors, steppers, service 
motors, linear and rotary actuators. 
Score: 0 = None, 1 = Limited, 2 = Moderate, 
3 = Extensive. 
Point: A - Present needs 
B - Future needs 
2 - A & B on the same position 
105 
Electromechanical Devices. The graph below shows 
that the respondents indicated a need for more extensive 
education for future students who will be trained in the 
areas of serve valves, sensors, electrical controls, and 
automation circuits. The present moderate level of educa¬ 
tion will not fulfill industry's future needs. 
GRAPH OF ITEM 28 
Figure 4.28 Comparison between present 
and future needs for Item 28. 
Item 28: Servo valves, sensors, electrical 
controls, and automation circuits. 
Score: 0 = None, 1 = Limited, 2 = Moderate, 
3 = Extensive. 
Point: A - Present needs 
B - Future needs 
2 - A & B on the same position 
Electromechanical Devices. The graph below shows 
that the respondents indicated a need for extensive 
education for both present and future students who will 
be trained in the area of electromechanical servicing. 
The present level of education will not fulfill industry' 
present and future needs. 
GRAPH OF ITEM 29 
Figure 4.29 Comparison between present 
and future needs for Item 29. 
Item 29: Electromechanical servicing. 
Score: 0 * None, 1 = Limited, 2 = Moderate, 
3 = Extensive. 
Point: A - Present needs 
B - Future needs 
2 - A & B on the same position 
Robotics. The graph below shows that the respond¬ 
ents indicated a need for extensive education for future 
students who will be trained in the area of robotic 
basics, types, classifications, and capabilities. The 
present moderate level of education will not fulfill 
industry's future needs. 
GRAPH OF ITEM 30 
Figure 4.30 Comparison between present 
and future needs for Item 30. 
Item 30: Robotic basics, types, classifications, 
and capabilities. 
Score: 0 = None, 1 = Limited, 2 = Moderate, 
3 = Extensive. 
Point: A - Present needs 
B - Future needs 
Robotics. The graph below shows that the respond¬ 
ents indicated a need for more extensive education for 
future students who will be trained in the area of 
robotic applications and end effectors. The present 
level of education will not fulfill industry's future 
needs. 
GRAPH OF ITEM 31 
Figure 4.31 Comparison between present 
and future needs for Item 31. 
Item 31: Robotic applications and end effectors. 
Score: 0 = None, 1 = Limited, 2 = Moderate, 
3 = Extensive. 
Point: A - Present needs 
B - Future needs 
2 - A & B on the same position 
Robotics. The graph below shows that the respond¬ 
ents indicated a need for extensive education for future 
students who will be trained in the area of robotic work 
cell set-up and interfacing with other automated machines. 
The present moderate level of education will not fulfill 
industry's future needs. 
GRAPH OF ITEM 32 
Figure 4.32 Comparison between present 
and future needs for Item 32. 
Item 32: Robotic work cell set-up and inter¬ 
facing with other automated machines. 
Score: 0 = None, 1 = Limited, 2 = Moderate, 
3 = Extensive. 
Point: A - Present needs 
B - Future needs 
Robotics. The graph below shows that the respond¬ 
ents indicated a need for extensive education for future 
students who will be trained in the area of robotic pro- 
gramming--servo and non-servo. The present moderate 
level of education will not fulfill industry's future 
needs . 
GRAPH OF ITEM 33 
Figure 4.33 Comparison between present 
and future needs for Item 33. 
Item 33: Robotic programming--servo and non-servo. 
Score: 0 = None, 1 = Limited, 2 = Moderate, 
3 = Extensive. 
Point: A - Present needs 
B - Future needs 
Ill 
Robotics. The graph below shows that the respond¬ 
ents indicated a need for extensive education for 
future students who will be trained in the areas of 
robotic servicing and troubleshooting of point to point 
and continuous path systems. The present moderate level 
of education will not fulfill industry's future needs. 
GRAPH OF ITEM 34 
SCORE 
Figure 4.34 Comparison between present 
and future needs for Item 34. 
Item 34: Robotic servicing and trouble¬ 
shooting of point to point and con¬ 
tinuous path systems. 
Score: 0 = None, 1 = Limited, 2 = Moderate, 
3 = Extensive. 
Point: A - Present needs 
B - Future needs 
2 - A & B on the same position 
Robotics. The graph below shows that the respond¬ 
ents indicated a need for extensive education for future 
students who will be trained in the area of solving prob¬ 
lems in an industrial setting. The present moderate 
level of education will not fulfill industry's future 
needs . 
GRAPH OF ITEM 35 
Figure 4.35 Comparison between present 
and future needs for Item 35. 
Item 35: Solving problems in an industrial 
setting. 
Score: 0 = None, 1 = Limited, 2 = Moderate, 
3 = Extensive. 
Point: A - Present needs 
B - Future needs 
R.obot ics . The graph below shows that the respond¬ 
ents indicated a need for extensive education for future 
students who will be trained in the areas of robotic 
vision, sensory devices, and artificial intelligence 
(AI). The present moderate level of education will not 
fulfill industry's future needs. 
GRAPH OF ITEM 36 
Item 36: Robotic vision, sensory devices, 
artificial intelligence (AI). 
Score: 0 = None, 1 = Limited, 2 = Moderate, 
3 = Extensive. 
Point: A - Present needs 
B - Future needs 
Leadership and Personal Development Skills. The 
graph below shows that the respondents indicated a need 
for more extensive education for future students who 
will be trained in the area of leadership skills. The 
present level of education will not fulfill industry's 
future needs. 
GRAPH OF ITEM 37 
Figure 4.37 Comparison between present 
and future needs for Item 37. 
Item 37: Leadership skills. 
Score: o = None, 1 = Limited, 2 = Moderate, 
3 = Extensive. 
Point: A - Present needs 
B - Future needs 
2 - A & B on the same position 
Leadership and Personal Development Skills. The 
graph below shows that the respondents indicated a need 
for more extensive education for future students who 
will be trained in the area of quality standards for 
workmanship and safety. The present level of education 
will not fulfill industry's future needs. 
GRAPH OF ITEM 38 
Figure 4.38 Comparison between present 
and future needs for Item 38. 
Item 38: Quality standards for workmanship 
and safety. 
Score: 0 = None, 1 = Limited, 2 = Moderate, 
3 = Moderate. 
Point: A - Present needs 
B - Future needs 
2 - A & B on the same position 
Leadership and Personal Development Skills. The 
graph below shows that the respondents indicated a need 
for more extensive education for present and future 
students toward a more positive work ethic. The present 
level of education will not fulfill industry's present 
or future needs. 
GRAPH OF ITEM 39 
Figure 4.39 Comparison between present 
and future needs for Item 39. 
Item 39: Positive work ethic. 
Score: 0 = None, 1 = Limited, 2 = Moderate, 
3 * Extensive. 
Point: A - Present needs 
B - Future needs 
2 - A & B on the same position 
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Leadership and Personal Development Skills. The 
graph below shows that the respondents indicated a need 
for more extensive education for future students in es¬ 
tablishing realistic vocational goals. The present level 
of education will not fulfill industry's future needs. 
GRAPH OF ITEM 40 
Item 40: Establish realistic vocational 
goals. 
Score: 0 = None, 1 = Limited, 2 = Moderate, 
3 = Extensive. 
Point: A - Present needs 
B - Future needs 
2 - A & B on the same position 
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Math and Science. The graph below shows that the 
respondents indicated a need for more extensive education 
for future students who will be trained in an area of 
technical math. The present level of education will not 
fulfill industry's future needs. 
GRAPH OF ITEM 41 
Figure 4.41 Comparison between present 
and future needs for Item 41. 
Item 41: Technical math. 
Score: 0 = None, 1 = Limited, 
3 = Extensive. 
2 = Moderate, 
Point: A - Present needs 
B - Future needs 
2 - A & B on the same position 
Math and Science. The graph below shows that the 
respondents indicated a need for more extensive educa¬ 
tion for future students who will be trained in the area 
of geometry/trigonometry. The present level of education 
will not fulfill industry's future needs. 
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Figure 4.42 Comparison between present 
and future needs for Item 42. 
Item 42: Geometry/Trigonometry. 
Score: 0 = None, 1 = Limited, 2 = Moderate, 
3 = Extensive. 
Point: A - Present needs 
B - Future needs 
2 - A & B on the same position 
GRAPH OF ITEM 42 
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Math and Science. The graph below shows that the 
respondents indicated a need for more extensive education 
for future students who will be trained in the area of 
statistical process control. The present level of 
education will not fulfill industry's future needs. 
GRAPH OF ITEM 43 
Figure 4.43 Comparison between present 
and future needs for Item 43. 
Item 43: Statistical process control. 
Score: 0 = None, 1 = Limited, 2 = Moderate, 
3 = Extensive. 
Point: A - Present needs 
B - Future needs 
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Math and Science. The graph below shows that the 
respondents indicated a need for extensive education for 
future students who will be trained in the area of applied 
physics. The present moderate level of education will not 
fulfill industry's future needs. 
GRAPH OF ITEM 44 
Figure 4.4 Comparison between present 
and future needs for Item 44. 
Item 44: Applied physics. 
Score: 0 = None, 1 = Limited, 2 = Moderate, 
3 = Extensive. 
Point: A - Present needs 
B - Future needs 
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Communication Skills. The graph below shows that 
the respondents indicated a need for more extensive 
education for future students who will be trained in the 
area of English composition. The present level of 
education will not fulfill industry's future needs. 
GRAPH OF ITEM 45 
SCORE 
Figure 4.45 Comparison between present 
and future needs for Item 45. 
Item 45: English composition. 
Score: 0 = None, 1 = Limited, 2 = Moderate, 
3 = Extensive. 
Point: A - Present needs 
B - Future needs 
2 - A 7 B on the same position 
Communication Skills. The graph below shows that 
the respondents indicated a need for more extensive educa¬ 
tion for future students who will be trained in the area 
of writing for technicians. The present level of educa¬ 
tion will not fulfill industry's future needs. 
GRAPH OF ITEM 46 
SCORE 
Figure 4.46 Comparison between present 
and future needs for Item 46. 
Item 46: Writing for technicians. 
Score: 0 = None, 1 = Limited, 2 = Moderate, 
3 = Extensive. 
Point: A - Present needs 
B - Future needs 
Communication Skills. The graph below shows that 
the respondents indicated a need for far more extensive 
education for future students who will be trained in the 
area of oral communication-team problem solving. The 
present level of education will not fulfill industry's 
future needs . 
GRAPH OF ITEM 47 
SCORE 
Figure 4.47 Comparison between present 
and future needs for Item 47. 
Item 47: Oral communication—team problem 
solving. 
Score: 0 = None, 1 = Limited, 2 = Moderate, 
3 = Extensive. 
Point: A - Present needs 
B - Future needs 
2 - A & • B on the same position 
General Studies. The graph below shows that the 
respondents indicated a reduced need for education for 
future students who will be trained in the area of 
economics. The present level of education exceeds in¬ 
dustry's future needs. 
GRAPH OF ITEM 48 
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Figure 4.48 Comparison between present 
and future needs for Item 48. 
Item 48: Economics. 
Score: 0 = None, 1 = Limited, 2 = Moderate, 
3 = Extensive. 
Point: A - Present needs 
B - Future needs 
2 - A & B on the same position 
General Studies. The graph below shows that the 
respondents indicated a reduced need for education for 
future students who will be trained in the area of social 
studies. The present level of education exceeds in¬ 
dustry's future needs. 
GRAPH OF ITEM 49 
SCORE 
Figure 4.49 Comparison between present 
and future needs for Item 49. 
Item 49: Social studies (elective--U.S. 
History, U.S.Government, Psychology, 
Geography, World History, etc.). 
Score: 0 = None, 1 = Limited, 2 = Moderate, 
3 = Extensive. 
Point: A - Present needs 
B - Future needs 
2 - A & B on the same position 
General Studies. The graph below shows that the 
respondents indicated a need for more extensive parti¬ 
cipation for future students in work study. The present 
level of participation will not fulfill industry's 
future needs. 
GRAPH OF ITEM 50 
Figure 4.50 Comparison between present 
and future needs for Item 50. 
Item 50: Work study option in senior year. 
Score: 0 = None, 1 = Limited, 2 = Moderate, 
3 = Extensive. 
Point: A - Present needs 
B - Future needs 
2 - A & B on the same position 
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Technology and General Skills Results 
For simplicity, the results of the two major sections 
of the survey instrument, Section I—Technology Skills 
(contains 10 topics and 34 items) and Section II— 
General Skills (contains 4 topics and 16 items) are shown 
in Trble 4.1 and Table 4.2, respectively, in item ranking 
orcif r of present needs mean. As can be seen from Table 4.1, 
Items 15, 13, 1, and 6, which represent the topics of 
electronics, blueprint reading, and industrial safety, 
respectively, in the survey instrument, ranked one, two, 
and three. Items 9, 7, and 8, which represent the topics 
of basic electricity and machine tool fundamentals, tied 
for fourth and fifth place. Items 27, 10, 12, and 31, 
which represent the topics of electromechanical devices and 
robotics applications, also ranked above the average mean 
(2.0). Rated less than the average mean in decreasing order 
were the remaining items of Section I. Table 4.2 shows 
Items 39, 47, and 38, which represent positive work ethics, 
oral communication, and quality standards for workmanship 
and safety, ranked one, two, and three, respectively. 
Items 40, 46, and 37, which represent established realistic 
vocational goals, writing for technicians, and leadership 
skills, ranked in fourth, fifth, and sixth place. Items 41 
45, and 42, which rep 
resent technical math, English composi 
tion, geometry a 
nd trigonometry, also ranked above the 
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average mean. Rated less than the average mean in 
decreasing order were the remaining items of Section II. 
For further explanation of the mean see page 76, 
Paragraph A, and for present and future needs see page 133. 
Table 4.1 Presentation of Survey Results for Technoloqv 
Skills 
SURVEY ITEM PRESENT NEEDS FUTURE NEEDS 
15. Microprocessor systems, 
trouble-shooting, servicing, 
l interfacing. 
13. Control circuits, analysis,* 
serving. 
1. Fundamentals & principles of 
electromechanical blueprint 
reading. 
6. Promoting safe practices. 
9. Circuit laws * measuring 
instruments, 
2. Basic handtool usage and 
machine shop pratice. 
7. Electron theoryf AC-DC 
principles. 
27. AC-DC motors, steppers, servo 
motors, linear S rotary 
actuators. 
12. Basic theory » applications 
of logic circuits. 
31. Robotic applications i end 
effectors. 
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0 1 2 3 Mean 0 1 2 3 Mean 
1 8 20 32 2.36 3 7 19 33 2.32 
3 2U 23 24 2.30 2 6 23 31 2.34 
3 9 21 27 2.25 1 4 26 29 2.40 
3 10 19 28 2.20 1 5 14 40 2.55- 
1 13 22 24 2.15 0 10 21 29 2.32 
2 10 25 23 2.15 2 10 23 25 2.18 
1 14 21 24 2.13 1 8 19 32 2.37 
. 0 15 22 23 2.13 0 8 27 25 2.28 
1 
2 14 20 26 2.13 1 10 22 29 2.27 
2 17 19 23 2.03 2 16 20 24 2.06 
5 11 24 22 2.02 4 10 20 28 2.16 
3 18 24 25 2.01 4 7 24 35 2.28 
continued on next page 
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Table 4.1 (continued) 
SURVEY ITEM PRESENT NEEDS FUTURE NEEDS 
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0 1 2 3 Mean 0 1 2 3 Mean 
29. Electromechanical serving. 4 18 15 25 1.98 6 12 19 25 2.02 
16. Programnable controllers. 5 13 21 21 1.97 2 8 20 32 2.32 
11. Discrete ft solid state devices.3 18 19 22 1.97 3 12 20 27 2.15 
21. BASIC programuing. 8 20 15 19 1.97 8 12 14 28 2.00 
28. Servo valves, sensors. 
electrical controls ft auto- 
nation circuits. 
4 15 22 20 1.94 5 10 22 25 2.08 
14. Opto-isolated modules, nutter 
systems, digital logic, flip- 
flops, registers ft counters. 
6 16 21 19 1.85 3 15 21 23 2.03 
32. Robotic work cell set-up & 
interfacing with other auto¬ 
mated machines. 
7 16 20 19 1.82 5 5 25 27 2.19 
4. Industrial organization ft 
safety procedures. 
5 18 22 17 1.82 6 9 25 
22 2.02 
18. Control devices, components, 
funtion, ft cannon systems. 
6 14 31 13 1.80 4 12 27 
19 1.98 
35. solving problems in an 
industrial setting. 
7 19 16 20 1.79 2 11 17 
32 2.27 
19. Programnable fluidic 
controllers. 
6 18 21 17 1.79 4 13 17 
28 2.11 
34. Robotic servicing, ft 
trouble-shooting of point to 7 19 18 18 1.76 6 13 
17 26 2.02 
point ft continuous path 
systems, 
33. Robotic programuing - servo 7 2o 16 19 1.76 5 9 21 27 1»13 
ft non-servo. 
22. Programmable controller 
programing. 
7 20 14 19 1.75 6 7 23 26 2.11 
131 
Table 4.1 (continued) 
SURVEY ITEM PRESENT NEEDS FUTURE NEEDS 
c 
o 
z 
0 1 2 3 Mean 0 1 2 3 Mean 
JO. Robotic basics, types, clas¬ 
sifications, ft capabilities. 5 24 17 16 1.68 4 13 24 21 2.00 
23. Robot progranming languages- 
(Rail, Val, Siqla, Help, 
AML, Karel, etc.). 
13 14 17 18 1.65 9 12 15 26 1.94 
26. Electromagnetic devices. 4 25 22 11 1.65 4 18 27 13 1,79 
24. Gears, belts',speed reducers, 
ft chain drives. 4 23 29 6 1.63 3 19 32 8 1.73 
17. F\rps, compressors, valves, 
hydraulic ft pneunatic 
circuits. 
6 23 23 10 1.60 4 14 26 18 1.94 
25. Bearings, couplings, clutches, 
brake* cams ft flywheels. 5 22 28 7 1.60 3 18 31 10 1.77 
5. Hazardous environments ft 
their control. 5 26 18 11 1.58 2 23 16 19 1.87 
20. Hydraulic ft pneunatic circuit 
analysis ft servicing. 
9 24 19 10 1.48 9 14 20 19 1.79 
36. Robotic vision, sensory 
devices, Al * 
10 21 23 8 1.47 4 15 18 25 2.03 
3. Welding ft adhesive bonding 8 25 20 7 1.43 7 24 17 12 1.57 
techniques, 
132 
Table 4.2 Presentation of Survey Results for General 
Skills 
SURVEY ITEM PRESENT NEEDS FUTURE NEEDS 
0 1 2 3 Mean 0 1 2 3 l Mean 
39. Positive work ethic. 0 2 16 44 2.68 0 0 10 52 2.84 
47. Oral oonmunication - team 0 6 16 40 2.55 0 1 10 51 2.61 problem solving. 
38. Quality standards for 0 7 20 35 2.45 0 1 14 47 2.74 
workmanship & safety. 
40. Establish realistic n IS 19 28 2.21 0 2 25 35 2.53 
vocational goals. 
46. Writing for technicians. 3 9 23 27 2.19 0 4 19 39 2.56 
37. Leadership skills . 1 15 22 24 2.11 1 6 19 36 2.45 
41. Technical math. 3 15 19 25 2.06 2 8 26 26 2.23 
45. English composition . 0 15 29 18 2.05 0 8 26 28 2.32 
42. Geometry/ Trigonometry. 3 15 22 22 2.02 2 9 29 22 2.15 
43. Statistical process 5 15 19 23 1.97 2 10 28 22 2.13 
control, 
50. Work study option in senior 
year. 
44. Applied physics, 
48. Economics . 
49. Social studies (elective-U.S. 
History, U.S. Government, 
Psychology, Geography, World 
History, etc.). 
14 18 24 1.97 6 9 18 29 2.13 
19 18 20 1.85 2 16 21 23 2.05 
30 19 4 1.29 9 22 27 4 1.42 
32 11 2 0.97 14 21 23 4 1.27 
Frequency Distribution Listing 
To determine the course content selection and its 
importance in the overall group of topics, the 50 survey 
items were separated into three distinct categories 
in accordance with the frequency distribution of 
their present needs mean, from highest to lowest. 
A. Extensive—with mean rating from 3.00 to 2.00, 
indicating that education and competencies are 
needed extensively (4 credits or more—see Table 4.3). 
B. Moderate—with mean rating from 1.99 to 1.50, 
indicating that education and competencies should 
be needed in moderation (3 credits or less— 
see Table 4.4). 
C. Limited—with mean rating from 1.49 to 0, 
indicating that education and competencies should 
be limited (2 credits or less—see Table 4.5). 
For further explanation the present and future 
needs were defined as follows: 
Present needs indicate the current industry require¬ 
ments in education and competency for robotic service 
technicians. 
Future needs indicate the anticipated further industry 
requirements in education and competency for robotic service 
technicians. 
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Table 4.3 Presentation of Survey Results of Yielding 
Average from 3.00 to 2.00—Extensive Education 
and Competencies 
SURVEY ITEM PRESENT NEEDS FUTURE NEEDS 
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0 1 2 3 l Mean 0 ] L 2 3 Mean 
39. Positive work ethic . 0 2 16 44 2.68 0 0 10 52 2.84 
47. Oral ccrmunication - team 
n 6 16 40 2.S5 0 1 10 51 2.81 
problem solving » 
38. (Xiality standards for n 7 20 35 2.45 0 1 14 47 2.74 
workmanship i safety. 
15. Microprocessor systems, 
trouble-shooting, servicing 
4 interfacing. 
1 8 20 32 2.36 3 
7 19 33 2.32 
13. Control circuits, analysis 3 20 23 24 2.30 2 6 23 31 2.34 
4 servicing. 
1. Fundamentals & principles 4 
21 27 2.25 4 26 29 2.40 electromechanical blueprint 3 9 1 
reading . 
40. Establish realistic voca- 0 IS 19 28 2.21 0 2 25 35 2.53 
tional goals. 
6. Promoting safe practices. 3 10 19 28 2.20 1 
5 14 40 2.55 
46. Writing for technicians. 3 9 23 27 2.19 0 
4 19 39 2.56 
2. Basic handtool usage and 2 10 25 23 2.15 2 
10 23 25 2.18 
machine shop practice . 
9. Circuit laws 4 measuring 1 13 22 24 2.15 0 
10 21 29 2.32 
instruments . 
7 . Electron theory AC-DC 1 14 21 24 2.13 1 
8 19 32 2.37 
principles . 
8. Conponents 4 component symbols.O 15 22 23 
2.13 0 8 27 25 2.28 
continued on next p»9e 
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Table 4.3 (continued) 
SURVEY ITEM PRESENT NEEDS FUTURE NEEDS 
0 1 2 3 Mean 0 1 2 3 Mean 
27. AC-DC motors, steppers, servo 
motors, linear 4 rotary 2 14 20 26 2.13 1 10 22 29 2.27 
actuators. 
37. Leadership skills. 1 15 22 24 2.11 1 6 19 36 2.45 
41. Technical math. 3 15 19 25 2.06 2 8 26 26 2.23 
45. Ehglish composition. 0 15 29 18 2.05 0 8 26 28 2.32 
10. Electronic AC-DC circuits. 2 17 19 23 2.03 2 16 20 24 2.06 
12. Basic theory l applications S 11 24 22 2.02 4 10 20 28 2.16 
of logic circuits . 
42. Geometry/ Trigonometry. 3 15 22 22 2.02 2 9 29 22 
2.15 
31. Robotic applications t end 3 18 24 25 2.01 4 7 24 35 2.29 
effectors. 
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Table 4.4 Presentation of Survey Results on Yielding 
Average from 1.99 to 1.50—Moderate Education 
and Competencies 
SURVEY ITEM PRESENT NEEDS FUTURE 1 NEEDS 
1 
C £ 
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0 1 2 3 ftean 0 1 2 3 Mean 
29. Electromechanical servicing. 4 18 15 25 1.98 6 12 19 25 2.02 
16. Programmable controllers. 5 13 23 21 1.97 2 8 20 32 2.32 
11. Discrete & solid state devices .3 18 19 22 1.97 3 12 20 27 2.15 
43. Statistical process 
control. 
5 15 19 23 1.97 2 10 28 22 2.13 
50. Work, study option in senior 
year. 
6 14 18 24 1.97 6 9 18 29 2.13 
21. BASIC programming. 8 20 15 19 1.97 8 12 14 28 2.00 
28. Servo valves, sensors, 
electrical controls & auto¬ 
mation circuits . 
4 16 22 20 1.94 5 10 22 25 2.08 
44. Applied physics. 5 19 18 20 1.85 2 16 21 23 2.05 
14. Cpto-isolated modules, number 
systems, digital logic, flip- 6 16 
flees, registers i counters. 
21 19 1.85 3 15 21 23 2.03 
32. Robotic work cell set-up & 
interfacing with other 
automated machines . 
7 16 20 19 1.82 5 5 25 27 2.19 
4. Industrial organization & 
safety procedures. 
5 18 22 17 1.82 6 9 25 22 2.02 
18. Control devices, components, 
function, & ccrmon systems. 
6 14 31 13 1.80 4 12 27 19 1.98 
35. Solving problems in an 
industrial setting - 
7 19 16 20 1.79 2 11 17 32 * 2.27 
continued on next page 
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Table 4.4 (continued) 
SURVEY ITEM PRESENT NEEDS FUTURE NEEDS 
, 1. 1 1 l 
2 * *8 
« » 
c 
o -5 
z J 
4) V 
1 
c! 
19. Programmable fluidic 
controllers. 
A non-servo. 
34. Robotic servicing, & 
trouble-shooting of point to 
point & continuous path 
systems, 
22. Programmable controller 
programming * 
30. Robotic basics, types, clas¬ 
sifications, A capabilities. 
23. Robot progranminq languages- 
(Rail, Val, Siglo, Help, 
AML, Karel, etc.), 
26. Electromagnetic devices . 
24. Gears, belts, speed reducers 
A chain drives. 
17. Pimps, compressors, valves, 
hydraulic A pneumatic circuits 
25. Bearings, couplings, clutches 
brakes, cams A flywheels- 
5. Hazardous environments A 
their control* 
0 1 2 3 Mean 0 1 2 3 Mean 
6 18 21 17 1.79 4 13 17 28 2.11 
7 20 16 19 1.76 5 9 21 27 2.13 
7 19 18 18 1.76 6 13 17 26 2.02 
7 20 14 19 1.75 6 7 23 26 2.11 
5 24 17 16 1.68 4 13 24 21 2.00 
13 14 17 18 1.65 9 12 15 26 1.94 
4 25 22 11 1.65 4 18 27 13 1.79 
4 23 29 6 1.63 3 19 32 8 1.73 
6 
> # 
23 23 10 1.60 4 14 26 18 1.94 
1 5 22 28 7 1.60 3 18 31 10 1.7' 
5 26 1-8 11 1.58 2 23 16 . 19 1.8 
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Table 4 5 Presentation of Survey Results on Yielding 
Average from 1.49 to 0—Limited Education 
and Competencies 
SURVEY ITEM 
20. Hydraulic & pneumatic circuit 
analysis & servicing. 
36. Robotic vision, sensory 
devices, Al. 
3. Welding-4 adhesive bonding 
techniques , 
48. Economics. 
49. Social studies (elective-U.S. 
History, U.S. Government, 
Psychology, Geography, World 
History, etc.). 
PRESENT NEEDS FUTURE NEEDS 
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0 1 2 3 f-fean 0 1 2 3 Maan 
9 24 19 10 1.48 9 14 20 19 1.79 
10 21 23 8 1.47 4 IS IB 25 2.03 
8 25 20 7 1.43 7 24 17 12 1.57 
9 30 19 4 1.29 9 22 27 4 1.42 
17 32 11 2 0.97 14 21 23 4 1.27 
Testing the Hypothesis 
In testing the hypothesis, the maximum probability 
considered reasonable is called the significance level 
of the test. In practice, a significance level of 0.05 
to 0.01 is customary. For this test the 0.05 (or 5%) 
significance level was chosen to obtain a decision. 
The test used to establish the hypothesis was 
the two-tailed t-test which corresponds to both sides 
of the standard distribution curve. 
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The statistical analysis of all survey items used 
to compare the mean for present and future needs with 
a significant difference of 0.05 is shown in Table 4.6 
on page 140. The t-test data as obtained from the 
MINITAB sub-program are presented in Table 4.6. 
The data show no significant difference between 
present and future needs for 41 of the 50 survey items, 
when based on a 0.05 significance level. Therefore, 
the testing hypothesis was accepted for the 41 items. 
The frequency distributions for present and future 
needs for the remaining nine items differed significantly 
(Pc.05) among the respondents. Therefore, the testing 
hypothesis was rejected for this group of items. 
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Table 4.6 Paired t-Test Data Comparing Present 
and Future Needs 
ITEM PAIRED TEST 
TEST 
METHOD t 
SIGNIFICANT 
LEVEL (p) 
SIGNIFICANT 
DIFFERENCE 
(P < 0.05 ) 
1 future needs/ 
present needs 
t-test 1.09 0.28 NO 
2 future needs/ 
present needs 
t-test 0.6 0.55 NO 
3 future needs/ 
present needs 
t-test 2.6 0.011 YES 
4 future needs/ 
present needs 
t-test -0.28 0.78 NO 
5 future needs/ 
present needs 
t-test 1.52 0.13 NO 
6 future needs/ 
present needs 
t-test 0.73 0.47 NO 
7 future needs/ 
present needs 
t-test 0.56 0.58 NO 
8 future needs/ 
present needs 
t-test 0.29 0.77 NO 
9 future needs/ 
present needs 
t-test 0.27 0.79 NO 
10 future needs/ 
present needs 
t-test 0.9 0.37 NO 
11 future needs/ 
present needs 
t-test 0.95 0.35 NO 
12 future needs/ 
present needs 
t-test 0.62 0.54 NO 
13 future needs/ 
present needs 
t-test 0.77 0.44 NO 
14 future needs/ 
present needs 
t“test 
ri
 
•
 
O
 
1
 0.89 NO 
15 future needs/ 
present needs 
t-test 2.40 0.019 
YES 
continued on next page 
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ITEM PAIRED TEST 
TEST 
METHOD 
16 future needs/ 
present needs 
t-test 
17 future needs/ 
present needs 
t-test 
18 future needs/ 
present needs 
t-test 
19 future needs/ 
present needs 
t-test 
20 future needs/ 
present needs 
t-test 
21 future needs/ 
present needs 
t-test 
22 future needs/ 
present needs 
t-test 
23 future needs/ 
present needs 
t-test 
24 future needs/ 
present needs 
t -test 
25 future needs/ 
present needs 
t-test 
26 future needs/ 
present needs 
t-test 
27 future needs/ 
present needs 
t-test 
28 future needs/ 
present needs 
t-test 
29 future needs/ 
present needs 
t-test 
30 future needs/ 
present needs 
t-test 
31 future needs/ 
present needs 
t-test 
32 future needs/ 
present needs 
t-test 
33 future needs/ 
present needs_ 
t-test 
SIGNIFICANT SIGNIFICANT 
t LEVEL (p) DIFFERENCE 
(p< 0.05) 
1.75 0.085 NO 
1.89 0.064 NO 
1.60 0.11 NO 
1.89 0.064 NO 
2.15 0.035 YES 
3.3 0.015 YES 
1.98 0.052 NO 
2.17 0.034 YES. 
1.3 0.20 NO 
1.57 0.12 NO 
0.67 0.50 NO 
1.12 0.27 NO 
1.08 0.28 NO 
1.61 0.11 NO 
1.65 0.10 NO 
1.60 0.11 NO 
1.39 0.17 NO 
1.36 0.18 NO 
Table 4.6 (continued) 
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ITEM PAIRED TEST 
TEST 
METHOD t 
SIGNIFICANT 
LEVEL (p) 
SIGNIFICANT 
DIFFERENCE 
<P <0.05) 
34 future needs/ 
present needs 
t -test 1.81 0.074 NO 
35 future needs/ 
present needs 
t-test 2.46 0.017 YES 
36 future needs/ 
present needs 
t-test 5.07 0 YES 
37 future needs/ 
present needs 
t-test 1.18 0.24 NO 
38 future needs/ 
present needs 
t-test 0.46 0.65 NO 
39 future needs/ 
present needs 
t-test -0.12 0.9 NO 
40 future needs/ 
present needs 
t-test 1.20 0.24 NO 
41 future needs/ 
present needs 
t-test -0.63 0.53 NO 
42 future needs/ 
present needs 
t-test -0.91 0.37 NO 
43 future needs/ 
present needs 
t-test -0.47 0.64 NO 
44 future needs/ 
present needs 
t-test -0.23 0.82 NO 
45 future needs/ 
present needs 
t-test 0.96 0.34 NO 
46 future needs/ 
present needs 
t-test 1.24 0.22 NO 
47 future needs/ 
present needs 
t-test 0.1 0.92 NO 
48 future needs/ 
present needs 
t-test 1.22 0.23 NO 
49 future needs/ 
present needs 
t-test 2.34 0.022 YES 
50 future needs/ t-test 3.13 0.0025 YES 
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Table 4.7 on page 145 shows the nine items rejected 
on the t-test based on 0.05 significance level. According 
to the respondents' comments and suggestions, Items 3 
(welding, soldering, hazing, and adhesive bonding tech¬ 
niques) and 35 (solving problems in an industrial setting) 
should be included in the course of robotic applications. 
For Item 15 (microprocessor troubleshooting, servicing, 
and interfacing) the respondents suggested this item should 
not be included as a separate entity in the curriculum. 
They may, however, be introduced as microprocessor 
principles; otherwise, the course itself would require 
too much mathematics. 
For Item 20 (hydraulic and pneumatic circuits analysis 
and service) many of the respondents indicate that hydraulic 
circuits are no longer in general use in small and medium¬ 
sized companies, only pneumatic and electro- pneumatic 
circuits with training recommended in moderation. 
For Item 21, BASIC programming, the majority of the 
respondents recommended that this item should be removed 
from the curriculum and be substituted with a microcom¬ 
puter course because it does not serve any useful purpose. 
A student can learn more about programming from programmable 
controllers. 
For Item 23 on robotic programming languages, the 
majority of the respondents believe that Val, RAIL, and 
AML use English—language statements such as those found 
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in BASIC or COBOL; therefore, this course should be included 
in the course of microcomputer basics and applications. 
For Item 36 on robotic vision, sensory devices 
and artificial intelligence, the majority of respondents 
believe that the study of vision should be included 
in the applied physics course and sensory devices 
in the electromechanical devices course. As far as 
artificial intelligence is concerned, they believe 
it is too advanced for secondary vocational students 
at the present time. 
For Item 49 on social studies, industry believes 
that vocational school students should receive more 
constructive courses in social studies with a greater 
outcome of learning. 
Item 50 on work-study, over 50% of the industry 
respondents believe that it is presently premature for 
secondary vocational education students to be trained 
on robotics in the field because it will consume too much 
of their time. However, they believe that, in the future, 
it will be possible due to the improvements in technology 
which will require less time for training. 
However, based on the above statistical analysis and 
the comments and suggestions of the respondents, there cur¬ 
rently seems to be a validly strong agreement from industry 
regarding present and future needs that cooperation among 
industry and education would fulfill their requirements. 
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Thus, by performing the various analyses and 
evaluations, it has been seen that there are statistically 
significant relationships which are of interest to this 
study. 
Table 4.7 Items Rejected on t-Test Based on 0.05 Level 
Survey Item Significance Level 
3 Welding, soldering, brazing, 
& adhesive bonding techniques 0.011 
15 Microprocessor troubleshooting 
service and interfacing 0.019 
20 Hydraulic and pneumatic circuits 
analysis and service 0.035 
21 Basic programming 0.015 
23 Robotic programming languages 0.034 
35 Solving problems in an industrial 
setting (Robotics internship) 0.017 
36 Robotic vision, sensory devices 
and artificial intelligence 0 
49 Social Studies 0.022 
50 Work study 0.0025 
Summary of Data Findings 
The study was designed to determine the education 
and competencies required by industry for present and 
future needs for employees working as service techni¬ 
cians on robotics and automated systems. Specifically 
an analysis of a 50-item survey instrument was used to 
select and compare industry's present and anticipated 
future requirements. 
146 
The data findings and the evaluations of a reviewing 
board were then used to develop a criterion-based, 
suggested four-year curriculum program of robotics 
and automated systems for vocational education at the 
secondary level based on an industry needs assessment 
(see Appendix I). 
It was found that of the 50 items, or skill areas, 
related to present industry needs, 21 items (or 42%) would 
require extensive education and experience of its employees; 
24 items (or 48%) would require moderate education and 
experience of its employees; and 5 items (or 10%) would 
require a limited background (see Tables 4.3, 4.4, and 
4.5 for present needs). 
Also, from the same 50 items, or skill areas, that were 
proposed, the findings show that 39 items (or 78%) would 
require future employees to have extensive backgrounds; 
9 items (or 18%) would require a moderate background; 
and only 2 items (or 14%) would require a limited back¬ 
ground (see Tables 4.3, 4.4, and 4.5 for future needs). 
There were 9 items (or 18%) of the total 50 items 
where there was no agreement among the respondents 
with regard to present and future needs (see Table 4.6 
140 and 145). This was indicated during 
and 4.7 on page 
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a hypothesis testing which was used to obtain the 
statistical decision for present and future needs of 
all the items on an acceptable significance level of 5%. 
CHAPTER 5 
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 
Summary 
Problem 
The problem studied in this dissertation is concerned 
with the complexity of today's robotics and automated 
systems in manufacturing; these systems require that service 
technicians have extensive Knowledge and skills for inter¬ 
acting with these systems. 
Programs offering educational curricula for robotics 
and automated systems are primarily available at the post¬ 
secondary level in colleges and universities. These 
programs, however, lack practical applications necessary 
to meet industry requirements for service technicians. 
Today, technicians need more skills and practice than theory 
in order to effectively meet the challenges awaiting them 
in industry. 
Since the vocational education students at the 
secondary level are practiced more in skills than in theory, 
it is logical to assume that they must fill the need in the 
work force for the future of our economy. 
To accomplish this, it will be necessary to develop 
a curriculum that could be taught at the secondary 
vocational education level. Such a curriculum is not 
in existence 3t this time. 
1 48 
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Thus, the problem was to investigate what studies 
would be necessary to develop this new curriculum, 
addressing the changing technology of robotics and 
automated systems in industry. 
Purpose 
The purpose of this study was to design a curriculum 
of robotics and automated systems for vocational education 
at the secondary level based on an industry needs 
assessment. 
Specifically, the study attempted to answer 
the following questions: 
1 . What current and anticipated practices were unique 
to industrial firms using robots and automated 
systems in manufacturing? 
2. What current and anticipated education and 
competencies were required by industry for 
robotics/automated systems service technicians? 
3. What current curricula or courses on robotics 
were being offered by vocational secondary education? 
4. What changes needed to be made in current curriculum 
offerings in secondary education programs to 
meet the current and anticipated future demands 
of industry? 
5. What changes needed to be made in vocational 
secondary education programs and teacher training 
programs? 
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6. What procedures needed to be developed between 
education and industry for ongoing programs that 
will keep vocational secondary education programs 
abreast of the rapidly changing technology? 
Answers to the above questions are shown on page 158. 
Literature Review 
The review of the literature for this study was 
accomplished by a computer search by the Education Resource 
Information Center (ERIC), Dissertation Abstract Index 
outline (DAI) and a manual review of Education Documents, 
Book Review Digest, Current Book Review Citations, Magazine 
Index, professional journals, government documents and. other 
research materials. 
Goals and philosophies related to secondary vocational 
education were investigated. 
The review was confined to robots and robotics systems 
technology rather than high technology in general and was 
presented in four parts: 
1 . What does robotics technology include? 
2. What has been done to impact a knowledge 
of robotic technology in the past? 
3. What is being done today? 
4. What needs remain to be met? 
In each of the last three parts, the review considers 
both of the major areas where robotics knowledge would be 
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applied-*—the manufacturer of robots and the user 
of robotic systems. 
From the review of the literature, it appears that: 
1 . The industrial practices of firms using robots are 
unique in that they are more complex than older 
manufacturing systems. 
2. The complexities of robotics require industrial 
employees to have extensive backgrounds in general 
knowledge and skills for interacting with the 
various manufacturing systems. 
3. Educational curricula meet industry's requirements 
for the most part, but do not meet industry needs 
on robotics/automated systems service technician 
training. New employees need more skills and 
practice than theory. 
4. Industry and education agree on what the requirements 
are for industrial robot technicians, but education 
is lagging behind industry in its curricula. However, 
education is increasing emphasis on robotics curricula. 
5. Agreements for robotic curricula have been based 
on findings from industry and education. 
6. Industry is willing to help education in the 
development of new curricula for robotics. 
7. Robotic* should be included in vocational secondary 
if the stated goals in public 
education programs 
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education as well as industry requirements are going 
to be met. 
8. The use of industrial robots is advancing rapidly; 
therefore, education's curricula should continually 
be updated from data gathered from industry. 
The findings from the review of the literature revealed 
that since most of the current robotics education programs 
have been developed and designed around post-secondary 
education (community colleges and universities) and skill 
and practice were needed for robotics servicing more than 
theory, it would appear specially trained graduates of 
vocational secondary education would be able to fulfill 
these needs. 
From the review of literature, there evolved much 
of the information which shaped the items included 
in the survey instrument. 
Furthermore, the review of literature was used to 
investigate similar studies of research for the purpose 
of developing other technical field curricula for secondary 
vocational education programs. There was some evidence 
that new curricular offerings were evolving in secondary 
vocational education, but no specific studies were found. 
Methods of Procedure 
The methods and procedures used in this investigation 
involved several stages. A review of literature was 
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conducted to establish the problem, purpose, and rationale 
for the study. The review assisted in the definition and 
delineation of goals, purposes, objectives, philosophies, 
and other criteria necessary to create an instrument by 
which participants could respond. After identification 
of the factors desired for the study, the survey material 
was submitted to a jury for validation. The jury was 
comprised of six members—three individuals presently 
teaching on the college or university level and three 
representing industry who were knowledgeable in the field 
of robots and automated systems. Based upon the responses 
of the jury, revisions, deletions, and additions to the 
survey instrument were made. After the instrument had 
been corrected and reviewed again by the jury, it was 
professionally printed on quality paper and sent to 
the participating contact persons. 
The participants in this survey consisted of 110 
randomly selected firms from a complete list of manu¬ 
facturers in the United States using robotics and auto- 
mated systems for producing products or processing goods. 
Each participant received a survey form along with a cover 
letter, consent form, and self-addressed, stamped return 
envelopes. The number of survey forms returned was 70. 
in addition, 16 mailings were returned with no forwarding 
address available, and four individuals could not 
participate in the study because they lacked knowledge 
in the subject area. This left a net of 90 potential 
returns in the survey, yielding a response rate of 77.8% 
of the potential. 
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The survey forms were then precoded and transferred 
to the computer. The program to analyze the data came 
from the statistical package of MINITAB, a comprehensive 
computer tool for managing, analyzing, and displaying data. 
The specific sub-programs utilized for this study 
were: 
a) The weighted mean, in which each item was weighted 
according to its importance in the overall group. 
b) Plot with symbols, in which the responses and 
scores between present and future industry needs 
were graphically compared. 
c) Paired t-test, in which two means were compared 
to distinguish the difference between paired data 
and independent samples. 
d) Testing the hypothesis, in which a two-tailed test 
was used to detect the difference in means between 
present and future needs. 
Findings 
The survey instrument consisted of 50 items which 
were contained in two major sections, Section I contained 
ten topics with a total of 36 items dealing with technology 
luded four topics with a total 
skills and Section II inc 
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of 14 items concerned with general knowledge skills. 
Industry was asked to respond to each item indicating 
whether the requirements for education and experience 
were extensive, moderate, limited, or none. Industry was 
also asked what the anticipated future requirements would 
be for each item, using the same scoring scale. 
The opinions of the respondents regarding which amount 
of selected courses should be taught in the technology 
skills section indicated seven courses should be taught 
more—electronics, blueprint reading, industrial safety, 
basic electricity, machine tool fundamentals, electro¬ 
mechanical devices, and robotic applications. Hydraulic 
circuit analysis, robotic vision, and welding received the 
lowest ratings. The selected courses that should be taught 
in the general skills section indicated eight courses should 
be more frequently taught—positive work ethics, oral 
communication, quality standards for workmanship and safety, 
establish realistic vocational goals, writing for techni¬ 
cians, leadership skills, technical math, English composi¬ 
tion, geometry, and trigonometry. Economics and social 
studies received the lowest rating. 
Many items regarding the goals for vocational secondary 
education students were presented in the survey for 
response. Goals relating to positive work attitudes, 
competency in technical skills, communication skills, 
math and science, and emphasis upon individual development 
of the student were ranked highly by the participating 
respondents. 
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With regards to present and future needs requirements, 
it was found that of the 50 items of present industry needs, 
21 items, or 42% of the total, would require extensive 
education and experience. The importance of these items 
would rank them high when considering what items should 
be included in a suggested curriculum. The reported 
items are included on Table 4.3. 
There were 24 items, or 48% of the total, which would 
require moderate education and experience, suggesting 
strong consideration should be given to including those 
items in a proposed curriculum. Items included are shown 
in Table 4.4. 
It was also found that five, or 10%, of the total 
50 items would require limited education and experience, 
indicating these items should be carefully reviewed when 
developing curriculum, the content of many of those items 
may be significant to the total offerings. The reported 
five items are shown in Table 4.5. 
Also from the same 50 items that were proposed, 
the findings show that 39 items, or 78%, would require 
extensive education and experience of its employees 
in the future, nine items, or 18%, would require 
a moderate education and experience and only two 
items, or 4%, would require a limited background. 
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Similar considaration as above should be given 
for including these items in a proposed curriculum. 
There were nine items, or 18%, of the total 50 items 
that were not in agreement among the individuals of the 
population on present and future needs (see Tables 4.6 
and 4.7). 
These items were investigated during a hypothesis 
testing which was utilized to obtain the statistical deci¬ 
sion for present and future needs of all the items on an 
acceptable significant level of 5%. 
In general, the data collected indicated that 
industry's overall requirement is to have service 
technicians with a strong background in general 
skills as well as technology skills. 
The findings from industry also indicate that more 
extensive learning will be required for future service 
technicians. 
Therefore, in accordance with the findings, the present 
and future education and competencies of the workforce 
depends solidly on the successful implementation of the 
new curriculum. 
The results of the analysis of the data were used 
to develop, under the evaluation of a reviewing board, 
a suggested curriculum for the four-year program of 
robotic/automated systems service technician for vocational 
education at the secondary level (see Appendix I). 
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Conclusions 
In view of the data findings based on the industry 
survey, a suggested curriculum was created for the four-year 
program of robotics/automated systems service technician 
for vocational education at the secondary level. 
In addition, based on the data findings, the following 
conclusions were made: 
1 . The practices of industrial firms using robots 
and automated systems are unique and more flexible 
in the manufacturing and processing of goods. 
Industrial robots are programmable, multi-functional 
manipulators which require employees to have much 
broader Knowledge and skills to meet the competencies 
required by industry. 
2. The complexity of robotics and automated systems 
in manufacturing today requires service technicians 
to have broad—based education and experience. 
Strong background in math and science, personal 
development, and communication skills are essential. 
These should be coupled with specific knowledge 
and skills in electronics, blueprint reading, 
industrial safety, basic electricity, machine tool 
fundamentals, electromechanical devices, and robotic 
applications. 
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Experience and competencies in the maintenance 
and servicing of all aspects of robotic equipment 
are also essential to a proficient industry employee. 
3. Even though industry and secondary vocational educa¬ 
tion are in general agreement as to what requirements 
must be set for service technicians in industry, 
the curriculum offerings should include more skills 
and practice than theory in order to effectively 
meet the challenges awaiting in the field of robotics. 
4. Since the study represented the current practices 
of industry, the items which were the most significant 
should be used as a basis for the suggested course 
sequence and inclusion in the four year curriculum. 
5. Since the technology utilizing robots and automated 
systems by industry has been on the rise, four-year 
secondary vocational educational curriculum programs, 
including robotics and automated systems, need to be 
developed, particularly if secondary vocational educa 
tion goals are going to be met in order to fulfill 
industry's current and future requirements. 
Furthermore, secondary vocational education 
schools should include within their program the 
ways and means for current and future teacher educa¬ 
tion to interpret the impacts and implementations 
of robotics and automated systems teaching skills. 
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6. The procedures which need to be developed between 
education and industry for ongoing programs, which 
will Keep vocational secondary education programs 
abreast of the rapidly changing technology, are as 
follows: 
a. Continue review of literature from industry 
and education. 
b. Establish advisory boards from industry 
for ongoing programs. 
c. Include industry association in education 
committees. 
d. Create good communication and cooperation 
between industry and education. 
e. Secure close relationship with the local 
industrial community to establish work- 
study programs, equipment donation, and 
student placement. 
Utilize survey instruments, opinion polls, 
follow-up studies of graduates, and other 
procedures to evaluate the curriculum and 
the needs of industry. 
The conclusions made for curriculum development 
were as follows! 
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Section 1 - Technology Skills 
Blueprint Reading. Industry requires extensive 
skills and experience in the fundamentals and principles 
of blueprint reading, with emphasis in mechanical, 
pneumatic, electrical, and electromechanical areas. 
Machine Tool Fundamentals. A strong foundation in 
basic hand-tool usage and machine shop practice was required 
by industry with stress placed on hands-on projects. 
Industrial Safety. A strong background was required 
by industry in promoting safe practices and accident 
prevention. Safety rules, planning for emergencies, 
mechanical and electrical injuries together with fire 
prevention and protection, were deemed essential and 
must be included. 
Basic Electricity. A strong foundation in basic 
electricity was required by industry with stress placed 
on AC and DC principles and emphasis on practical problem 
solution specifically in automated equipment circuits. 
Electronics. The anticipated future need for 
technicians with education and experience in electronics 
was expected to continue to rise in industry. Therefore, 
major emphasis in electronics principles was highly 
recommended by industry, with specific skills and know¬ 
ledge of automated control processes being required. 
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Fluid Power. Industry did not require extensive 
skills for fluid power, but it did want employees to be 
able to understand the fundamentals of fluid circuits. 
Computer Programming. Extensive skills in computer 
programming were required by industry only in controllers 
for robots and automated systems with on- and off-line 
programming techniques. 
Mechanical Components. Industry did not require 
extensive skills for mechanical components, but it did 
require students to have moderate ability to identify 
component elements and applications for various devices 
and mechanisms encountered in the new technology. 
Industry also emphasizes that laboratory practice 
should be included. 
Electromechanical Devices. A strong background 
was required by industry for all types of electromechanical 
devices with more emphasis on AC-DC motors, steppers 
and servo motors, linear and rotary actuators, and their 
applications. 
Robotics. A strong background in robotics 
applications and system servicing was required by industry 
with major emphasis on laboratory exercises. Since Knowing 
the robotic equipment is a must, training in decision 
making on lab activities is the most important part. 
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Section 2 - General Skills 
Leadership and Personal Development Skills. Industry 
rated this course the highest of all in the survey for 
its workers. Positive work ethics, quality standards for 
workmanship and safety, establishing realistic vocational 
goals, and leadership skills are the basis of human 
relations in any organization which requires positive 
group interaction. Special emphasis was placed on 
everyday situations. 
Math and Science. Industry requires extensive 
knowledge and skills for technical math and science; 
specifically, industry is concerned with practical examples 
and typical problems on robotics and automated systems 
to be used as the primary sources of application. 
Communication Skills. The ability for both oral and 
written communication was a very important asset to industry 
with oral communication being rated as the most important 
(second to the highest) followed by writing for technicians 
and English composition. 
f„n.ral Studies. The general requirements of 
industry for course work and social studies were very 
limited. Therefore, these items should be limited for 
inclusion in the curriculum as part of secondary vocation 
Work study was rated moderate, 
education requirements. 
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economics and social studies were limited. It seems that 
items under social studies were not considered essential 
by the majority of industry. 
Recommendations 
In review of the conclusions drawn from the findings 
which represent the current requirements of industry 
for a four-year secondary vocational education program 
to train service technicians working in robotics 
and automated systems, the following recommendations 
are made: 
1 . Secondary vocational education schools should 
incorporate and use in their four year robotics 
and automated systems programs the recommended 
curriculum contained in Appendix I, which 
represents the current industry requirements. 
2. Secondary vocational education programs which do 
not currently have robotics as part of their program 
should include courses in robotics in their curriculum 
to reflect the rapidly expanding field of robotics 
in industry. 
3. programs for internships should be developed soon 
so that students may have the opportunity to solve 
problems in industrial settings. 
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4. Communication should be established between industry 
and education through the development of industry 
advisory boards to provide better and stronger 
programs for the students. 
5. Implications for further research in curriculum 
development were evidenced by the energy and effort 
spent by industry filling out the survey instrument. 
This indicates a willingness on their part to help 
education in the development of updated criteria 
based curricula. 
6. Since the technology utilizing robots and automated 
systems by industry has been on the rise, four-year 
secondary vocational education curriculum programs, 
including robotics and automated systems, needed 
to be developed. 
7. The technologies of industry were rapidly advancing; 
therefore, secondary vocational education curricula, 
including robots and automated systems, should be 
continually evaluated and updated with data gathered 
from industry. This can be accomplished through 
(a) the continuous review of literature (b) education 
cooperating with industry advisory boards (c) educa¬ 
tion association with industry committees, and 
(d) the utilization of survey instruments similar 
to the ones used for this study. A period of five 
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years maximum should be allowed to pass before 
complete re-evaluation of the curricula takes place. 
8. Programs should be developed to provide the oppor¬ 
tunity for instructors of vocational education to 
work in industry for short periods resulting in 
educational programs that would be both theoretical 
and experiential. 
9. Due to rapid changes in technology, there will 
continue to be a need for more education within 
two years of graduation in order to learn new skills. 
Continuing Education "short“ courses should also 
be provided for graduates desiring to increase 
their competencies in special areas of interest. 
10. Teaching effectiveness, instructional aids and 
systems, quality of the graduates, and placement 
of graduates should be reviewed at regular intervals 
as determined by the department. An extremely 
important aspect of self-evaluation effectiveness 
is the use of input from faculty members, graduates 
from the program, and employers of the program 
g raduates. 
Recommendations for 
In view of the 
which represent the 
tion, the following 
Further Research 
conclusions made from the data findings, 
current status of industry and educa- 
recommendations for further studies 
are made: 
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1. A study should be conducted to ascertain the best 
methods for presenting material in robotics and 
automated systems to upgrade the skill and knowledge 
level of current secondary vocational instructors. 
2. A study or study project should be conducted for 
the development of instructional media and low cost 
activities for the secondary vocational classroom. 
3. A similar study should be conducted every few years 
so that educational programs are continually updated 
to reflect the changing technologies in industry. 
4. A study should be conducted within the industrial 
corporate structure to determine if a difference 
exists in the employee advancement rate between 
individuals without additional education after 
graduation and individuals who receive additional 
education within two years of graduation for the 
position of robotics/automated systems service 
technician. 
5. A study should be conducted in secondary vocational 
education high schools which adopt this curriculum 
to determine if the implementation of this program 
can be achieved by the students and faculty and 
if the results satisfy industry needs. 
APPENDIX A 
COPY OF LETTER TO ROBOTICS INTERNATIONAL 
OF SME AND ROBOTIC INDUSTRIES ASSOCIATION 
REQUESTING LIST OF MANUFACTURERS 
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November 9, 1989 
Ms. Eileen McGuire 
Robotics International of SME 
One SME Drive, P.0. Box 930 
Dearborn, MI 48121 
Dear Ms. McGuire: 
I am an Assistant Professor at the University of 
Lowell, in the Industrial Technology department and I 
am currently working on my doctorate dissertation research. 
The dissertation deals with the development of a 
curriculum on robotics/automated systems for vocational, 
education at the secondary level, based on an industry- 
needs assessment. 
The conducting research by a survey form to the 
industry will determine the education and competencies 
required by industry for an industrial robot/automated 
systems technician to service, maintain, and repair 
robots, work cells and automated systems in the industrial 
environment. 
The data collected from industry will be for the 
specific purpose of developing the curriculum for this 
position. 
All survey forms will be received on an anonymous 
basis and the information will be confidential and will 
be used on an aggregate basis only. The individua 
or his/her company's name will not be identified 
any way on the survey form. 
HoDefullv this curriculum will benefit and fulfill 
the current and anticipated future demands of industry 
in the employment of industrial robot technicians. 
170 
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Also, this curriculum will enable educators to 
determine the effectiveness of existing programs and 
to modify and develop a robotics/automated systems 
technician curriculum in accordance with the needs 
and assessment of the industrial community. 
I would appreciate it very much if you could send 
me a complete listing of the robotics contact persons 
of the U.S. manufacturing firms which the Robotics 
International of SME has identified as current users 
of robots in their manufacturing processing of goods. 
A list of these manufacturers is of the utmost importance 
in this study. 
I thank you in advance for whatever assistance 
you may be able to extend in this research effort. 
Sincerely, 
James. G. Keramas, P.E. 
Assistant Professor 
Industrial Technology Dept. 
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November 9, 1989 
Ms. Laurie Lackowicz, Adm. 
Robotic Industries Association 
900 Victor Way P.0. Box 3724 
Ann Arbor, MI 48106 
Dear Ms. Lackowicz: 
I am an Assistant Professor at the University of 
Lowell, in the Industrial Technology department and I 
am currently working on my doctorate dissertation research. 
The dissertation deals with the development of a 
curriculum on robotics/automated systems for vocational 
education at the secondary level, based on an industry- 
needs assessment. 
The conducting research by a survey form to the 
industry will determine the education and competencies 
required by industry for an industrial robot/automated 
systems technician to service, maintain, and repair 
robots, work cells and automated systems in the industrial 
environment. 
The data collected from industry will be for the 
specific purpose of developing the curriculum for this 
position . 
All survey forms will be 
basis and the information will 
be used on an aggregate basis 
or his/her company’s name will 
any way on the survey form. 
received on an anonymous 
be confidential and will 
only. The individual 
not be identified in 
Hooefully this curriculum will benefit and fulfill 
the current and anticipated future demands of industry 
in the employment cf industrial robot technicians. 
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Also, this curriculum will enable educators to 
determine the effectiveness of existing programs and 
to modify and develop a robotics/automated systems 
technician curriculum in accordance with the needs 
and assessment of the industrial community. 
I would appreciate it very much if you could send 
me a complete listing of the robotics contact persons 
of the U.S. manufacturing firms which the Robotic 
Industries Association has identified as current users 
of robots in their manufacturing processing of goods. 
A list of these manufacturers is of the utmost 
importance in this study. 
I thank you in advance for whatever assistance 
you may be able to extend in this research effort. 
Sincerely, 
James. G. Keramas, P.E. 
Assistant Professor 
Industrial Technology Dept. 
;sMe, Society of Manufacturing Engineers 
Roboocs Inwmaianal at SM£ 
January 4, 1990 
Mr. James G. Keramas, PE 
University of Lowell 
College of Engineering 
Department of Inudstrial Technology 
One University Avenue 
Lowell, MA 01854 
Dear Professor Keramas: 
In a recent conversation with Eileen McGuire, I learned of your interest in 
obtaining a list of robotics contact persons within U.S. manufacturing 
firms. 
Unfortunately, SME policy does not allow us to distribute lists of our 
members. However, I am enclosing some additional information you should 
find helpful. 
The enclosed December, 1989 issue of Manufacturing Engineering contains the 
1990 Automation Buyers' Guide. Although this guide contains no specific 
contact names, it does provide a list of companies nationwide that market 
various automation-related products and services. 
I also suggest you contact Communication Channels Inc., publisher of the 
Robotics World magazine. This publication produces an excellent Robot ^ 
Manufacturers’ Guide, which you should find helpful. A subscription form 
and reader service card is enclosed. 
Thank you for your interest in Robotics International of SME. I wish you 
the best of fortune with your project. 
Rob&pnKT Ankrapp 
Association Manager 
RAA/clt 
Enclosures 
• «- • nn«<:mE Drive• P O Box930«Dearbom.Michiflan48121-0930USA 
Society of Ma73f*C3^VT 1 BOO^ELEX^l^ SME Gr'(V1A RCA) • FAX (313) 271-2861 
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SURVEY INSTRUMENT 
Directions 
Please fill in the survey form as completely as possible by Indicating the degree to which the 
education and competencies listed would be a requirement for employment by your firm presently 
and in the future. Darken in the space provided for the response that is most appropriate for each 
survey Item. A space has been provided for any additional comments you feel are necessary to 
qualify the answer. 
Thank you for your time and assistance. 
Present 
Needs 
Future 
Needs 
SECTION 1 - TECHNOLOGY SKILLS 
Blueprint Reading 
1. Fundamentals & principles of 
electromechanical blueprint reading. 
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Machine Tool Fundamentals 
2. Basic handtool usage and machine shop practice. 
3. Welding, soldering, brazing, and adhesive 
bonding techniques. 
I''nm monte 
[0] [1] [2] [3] 
(0) [1] (2] (3) 
(01 [ll (21 (31 
(0) (1) [21 (31 
Industrial Safety 
A. Industrial organization and safety procedures. 
5. Hazardous environments and their control. 
6. Promoting safe practices. 
(0) (1) [21 (3) 
[01 (ll (2) [31 
[01 [ll [21 [31 
[01 HI [2] (31 
[01 HI [2] (31 
(01 HI [21 (31 
uimiiiciii}-.------ 
Basic Electricity 
7. Electron theory, AC-DC principles. 
8. Components and component symbols. 
9. Circuit laws and measuring instruments. 
[0] [1] [2] [3] 
(0) [1] (2) [3] 
[0] [1] 12) [3] 
(01 HI 121 3 [01 (I) 12 3 
(01 [11 (21 (31 
Comments 
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Present 
Heeds 
Future 
Heeds 
Electronics 
10. Electronic AC-DC circuits. 
11. Discrete and solid state devices. 
12. Basic theory and applications of logic circuits. 
13. Control circuits, analysis, and servicing. * 
14. Opto-Isolated modules, numbering systems, 
digital logic, flip-flops, registers, and counters. 
15. M icroprocessor systems, troubleshooting. 
servicing, and interfacing. * 
16. Programmable controllers. 
(0) [1] [2] (3) 
[0] 11] [2] [3] 
[0] [1] [2] [3] 
10] [1] [2] [3] 
[0] [1] [2] [3] 
[0] [1] 12] 13] 
[0] [1] [2] [3] 
10] [1] [2] [3] 
10] tl] 12] 13] 
tO] tl] (2] 13] 
10] tl] 12] (3] 
10] tl] (2] 13] 
10] tl] [2] (3] 
tO] [1] 12] 13] 
Comments 
Fluid power 
17. Pumps, compressors, valves, hydraulic 
and pneumatic circuits. 
18. Control devices, components, functions, and 
common systems. 
19. Programmable fluidic controllers. 
20. Hydraulic and pneumatic circuit analysis and 
servicing. * 
Comments___ 
[0] tl] 12] [3] [0] [1] t2] [3] 
10] tl] 12] 13] tO] [1] [2] [3] 
10] tl] 12] 13] 10] tU 12] 13] 
10] tl] 12] 13] [0] [1] 12] 13] 
Computer Programming 
21. BASIC programming. 
22. Programmable controller programming. 
23. Robot programming languages - 
Rail, Val, Sigla, Help, AML, Karel, etc.. 
10] II] 12] 13] 
tO] [1] 12] (3] 
10] tU 12] 13] 
tO] (1] 12] 13] 
tO] [1] [2] 13] 
tO] 11] 12] [3] 
Comments 
Mechanical Components 
24. Gears, belts, speed reducers, and chain drives. 
25. Bearings, couplings, clutches, brakes, 
cams, and flywheels. 
10] til 12] 13] 
10] 11] 12] 13] 
101 11] 121 13] 
10] tl] [2] 13] 
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Present Future 
Needs Needs 
Electromechanical Devices 
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26. Electromagnetic devices. (01 [1] [21 (31 [0] [1] (2) [3] 
27. AC-DC motors, steppers, servo motors, linear and 
rotary actuators. 
[0] [1] 12] (3] [0] [1] [2] [3] 
28. Servo valves, sensors, electrical controls and 
automation circuits. 
[0] [1] [2] [3] (0] [1] [2] [3] 
29. Electromechanical servicing. * [0] [1] [2] [3] [0] [1] [2] [3] 
Comments 
Robotics 
30. Robotic basics, types, classifications, and 
capabilities. 
31. Robotic appl ications and end effectors. 
32. Robotic work cell set-up and interfacing with 
other automated machines. 
33. Robotic programming - servo and non-servo. 
34. Robotic servicing, and troubleshooting 
of point to point and continuous path systems. * 
35. Solving problems in an industrial setting. * 
36. Robotic vision, sensory devices, artificial 
intelligence (Al). 
[0] [I] [2] [3] 
[0] [1] [2] [3] 
[0] [1] [2] [3] 
[0] [1] (21 [3] 
[0] [1] [2] [3] 
[0] [1] [2] [3] 
[0] [1] (21 [3] 
[0] 11] 12] [3] 
[0] [1] [2] [3] 
[0] [1] [2] [3] 
(0] [1] [2] 13] 
[0] [1] [2] [3] 
[0] (1] [2] 13] 
10] [1] [2] [3] 
Comments 
SFf.TION ? - EFNFBAI SKILLS 
leadership and Personal Development Skills 
37. leadership skills. 
38. Quality standards (or workmanship and safety. 
39. Positive work ethic. 
40. EstaOlish realistic vocational goals. 
[11 (21 131 
[1] [21 [31 
[ll 121 [31 
Ill 121 131 
(01 [l! [21 [31 
[01 (ll [21 (31 
[01 111 [21 (3 
[01 HI 121 (31 
* Hands-on lab activities. 
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Future 
Hoods 
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Math and Science 
41. Technical math. 
42. Geometry/trigonometry. 
43. Statistical process control. 
44. Applied physics. 
r'r.m monte 
(01 [1] [21 [31 
[01 [11 121 [31 
(01 [11 (21 [31 
[01 [11 [21 (31 
10] (1) (2] 13] 
10] [1] 12] 13] 
10] (I] 12] [3] 
10] [1] [2] [3] 
Communication Skills 
45. English composition. 
46. Writing for technicians. 
47. Oral communication - team problem solving. 
10) [1] [2] [3] 
[0] 11] 12] 13] 
[0] [1] (2) 13] 
10] [1] 12] [3] 
[0] ID 12] [3] 
10] [1] [2] 13] 
Comments 
General Studies 
48. Economics. 
49. Social studies (elective). 
U.S History. U.S. Government, 
psychology. geography, wor Id history, etc. 
50. Work stud/ option in senior year. 
[0] 111 [21 [31 [ol [11 [21 [31 
(0)[ll [21 (31 101 (11 121 [31 
(01 [ll [21 [31 [01 [11 [21 131 
Comments 
Other General Comments or Suggestions 
Please return to: 
James G. Keramas, Assistant Professor 
Industrial Technology Department 
University of Lowell 
One University Avenue 
Lowell. HA 01854 
Thank you for your help and interest. 
APPENDIX C 
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The following individuals served as jury members 
for the proposed survey form. 
Education 
Mr. Paul A. Kales, MS 
Assistant Professor of Statistics and Quality Control 
Industrial Technology Department 
University of Lowell 
Lowell, Massachusetts 01854 
Dr. Patrick D. Krolak, D. Sc. 
Professor of Computer Science 
Director of Productivity Center 
University of Lowell 
Lowell, Massachusetts 01854 
Dr. Robert J. Tuholski, Ph.D. 
Executive Officer of Manufacturing Engineering Department 
Coordinator of Cooperative Education 
University of Lowell 
Lowell, Massachusetts 01854 
Industry 
Robert Mauceri, V.P. of Operations 
Proconics International, Inc. 
165F New Boston Street 
Woburn, Massachusetts 01801 
Mr. Donald Pieper, V.P. of Engineering 
Automatix, Inc. 
1000 Technology Park Drive 
Billerica, Massachusetts 01821 
Mr. Mord Wiesler, Pres. 
Precision Robotics, Inc. 
479 Middlesex Turnpike 
Billerica, Massachusetts 01821 
APPENDIX D 
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Dear Dr. Tuholski: 
I am cu[;rently conducting research to determine the 
education and competencies required bv industry for an 
industrial robot/automated systems service technician. 
This research is being conducted for the specific 
purpose of developing a curriculum that meets the current 
and anticipated needs of manufacturers using industrial 
robots for producing products or processing goods. 
For the purpose of this study, a robotics/automated 
systems service technician would be defined as a person 
who possesses, at the completion of four years of secondary 
vocational education, the education and competencies 
required by industry to perform the duties of this position. 
As further explanation, a robotics/automated systems 
service technicians's technical knowledge would permit 
him/her to do many tasks that a highly qualified trades- 
person might do. 
He/she would be capable of servicing, maintaining, 
and repairing robots, work cells, and automated systems, 
and equipment. 
For this study to be significant, the survey instrument 
must be reviewed by both education and industry for its 
validity. I am asking that you review the enclosed survey 
for its clarity of meaning, simplicity of design, and 
whether the degree of content is sufficient for this study. 
In addition, please indicate if there would be any 
other education or competencies that should be considered 
as part of this study. 
After completing the review, please return the survey 
with any comments in the enclosed, self-addressed envelope. 
Thank you for your time and consideration, as it is 
of the utmost importance for this study. 
Yours truly, 
Enclosure 
James G. Keramas, P.E., 
Assistant Professor 
Industrial Technology Dept. 
APPENDIX E 
COPY OF SURVEY INSTRUMENT COVER 
LETTER AND CONSENT FORM 
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November 16, 1989 
Dear Sir: 
I am an Assistant Professor at the University 
of Lowell, in the Industrial Technology department, 
and I am currently working on my doctorate dissertation 
research. 
The dissertation deals with the development of a 
curriculum on robotics/automated systems for vocational 
education at the secondary level, based on an industry- 
needs assessment. 
The conducting research by a survey form to the 
industry will determine the education and competencies 
required by industry for an industrial robot/automated . 
systems technician to service, maintain, and repair 
robits, work cells and automated systems in an industrial 
environment. 
All survey forms will be received on an anonymous basis 
and the information will be confidential. The individual 
or his/her company's name will not be identified in any 
way on the survey form. The data collected from this survey 
will be used for the specific purpose of developing the 
curriculum for this position. 
Hopefully, this curriculum will benefit and fulfill 
the current and anticipated future demands of industry 
in the employment of industrial robot technicians. 
Also, this curriculum will enable educators to 
determine the effectiveness of existing programs and 
to modify and develop a robotics/automated systems 
technician curriculum in accordance with the needs 
and assessment of the industrial community. 
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I would very much appreciate your completing 
the enclosed anonymous survey form and returning it 
to me in the larger self-addressed, stamped envelope. 
It should take only a few minutes of your time to complete. 
Also, please sign the consent form and mail it to me 
in the enclosed smaller, self-addressed, stamped envelope. 
This form will enable me to determine if you have completed 
and mailed the survey form to the collection address. 
I shall be happy to share a summary of the results 
with any respondent who requests it. Please be assured 
that all information will be confidential and will be used 
on an aggregate basis only. Do not identify yourself 
or your company in any way on the survey form. 
The compiled data received will be used to develop 
a four-year curriculum for robotics/automated systems 
technicians. 
You are free to withdraw your consent and discontinue 
participation without prejudice. 
Please complete the survey form and return it prior 
to November 30, 1989. Also, feel free to contact me if 
you have any questions at (508) 937-2586 (1:00 p.m. to 
4:00 p.m.) or (617) 938-8980 (5:00 p.m. to 9:00 p.m.). 
I would like to thank you in advance for your 
participation and assistance in this research effort 
which is of the utmost importance to this study. 
Sincerely, 
Enclosures 
James G. Keramas, P.E. 
Assistant Professor 
Industrial Technology Dept. 
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JAMES G. KERAMAS 
P.O. BOX 554 
CENTERVILLE, MA 02632 
CONSENT FORM 
I hereby consent to participate in this research. 
< Name) 
(Date) 
APPENDIX F 
COPY OF SURVEY INSTRUMENT FOLLOW-UP LETTER 
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December 1, 1989 
Dear Sir: 
Recently, you received in the mail a survey form 
designed for a curriculum development on robotics/automated 
systems for vocational education at the secondary level, 
based on an industry needs assessment, which will be 
required for an industrial robot servicing and maintenance 
technician. 
It is assumed that you have completed and returned 
the survey instrument. At this time, I wish to thank you 
for your cooperation and time spent completing the survey 
instrument. If you have not completed and returned the 
survey form, will you please do so prior to December 14, 
1989. 
An additional survey instrument and return self- 
addressed envelope are enclosed for your convenience. 
Your truly, 
James G. Keramas, P.E. 
Assistant Professor 
Industrial Technology Dept. 
P.S. If you wish results of the survey, please note 
it on the consent form. 
Enclosure 
APPENDIX G 
REVIEWERS OF SUGGESTED CURRICULUM 
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reviewers of suggested curriculum 
John Aiken, Mgr. Field Eng. 
Precision Robotics, Inc. 
479 Middlesex Turnpike 
Billerica, MA 01821 
Mr. James Amara 
Science/Technology Co-ordinator 
Minuteman Regional Vocational Technical School 
758 Marrett Road 
Lexington, MA 02173-7398 
Mr. William Blake 
Science/Technology Dept. 
Minuteman Regional Vocational Technical School 
578 Marrett Road 
Lexington, MA 02173-7398 
Mr. Jim Crowley, Dept. Head 
Blue Hills Regional Technical School 
800 Randolf Street 
Canton, MA 02021 
David R. Hoska, Pres. 
D&D Engineering, Inc. 
815 Cannon Avenue 
Shoreview, MN 55126 
Mr. Mike Iovine 
Dept. Head/Technology Cluster 
Minuteman Regional Vocational Technical School 
758 Marrett Road 
Lexington, MA 02173—7398 
David A. Lewis 
Associate Professor of Management Science 
University of Lowell 
Lowell, MA 01854 
Robert J. Manceri, V.P. Operations 
Proconics International 
165 New Boston Street 
Woburn, MA 01801 
Mr. Anthony F. Mirabito 
GenRad Corporation 
300 Baker Avenue 
Concord, MA 01742 
Arthur P. Pingalore, Dir. of Training 
Cincinnati, Milacron 
10 New Bond Street 
Worcester, MA 01606 
Donald A. Ricker 
Application Engineering Manager 
Automated Assemblies Corp. 
25 School Street 
Clinton, MA 01510 
Mr. Bruce Sargent 
Assistant Professor - Math/Science/Technology 
Robotics Electronic Dept., Bldg. #7 
Middlesex Community College 
Springs Road 
Bedford, MA 01710 
Mr. George Taliadouros 
Science/Technology Dept. 
Minuteman Regional Vocational Technical School 
758 Marrett Road 
Lexington, MA 02173—7398 
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February 20, 1990 
Enclosed is a suggested four-year curriculum for an 
industrial Robotics/Automated Systems Service technician 
for vocational education at the secondary level based on 
as industry needs assessment. 
This curriculum was developed as a result of a survey 
research I conducted during the past six months to determine 
the education and competencies required by industry for 
this position. The data collected from industry was used 
to determine the mean of the responses and a t-test was 
performed to compare present and future industry's needs 
for the specific purpose of selecting the current courses 
for developing the four-year curriculum. 
In order that this study to be significant, the 
suggested curriculum must be reviewed by both education 
and industry for its validity. 
It would be very helpful if you can take the time 
to review the enclosed suggested curriculum and evaluate 
its validity. Any suggestions or comments for changes 
or improvement would be most welcome. 
Your consideration and cooperation in this matter 
would be most appreciated. 
Sincerely, 
James. G. Keramas, P.E. 
Assistant Professor 
Industrial Technology Dept. 
Enclosure 
p S. If you wish a copy of the final curriculum 
^ith summary conclusions and recommendations, 
please note it on your reply. 
APPENDIX I 
SUGGESTED CURRICULUM 
Course Sequence 
Course Description - General Skills 
Course Description - Technology Skills 
Competencies Required 
Suggested Textbooks & Teaching Aids 
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SUGGESTED CURRICULUM 
Four-Year Program for Industrial Robotics/ 
Automated Systems Service Technician 
The recommended courses, course sequences, and course 
descriptions are based on data findings and conclusions 
drawn from responses to descriptive survey instruments 
received from selected industrial firms using robotics and 
automated systems and the evaluation of an advisory board. 
General Skills Education or Core Curriculum Program 
Generally, approximately half of the credit required 
by vocational secondary education for the high school 
diploma course work is in general education or core 
curriculum. Normally includes: Vocational orientation, 
English/Communications, Social Studies/Civics, Math and 
Science, Physical Education, related technical instruction, 
etc . 
Since these standards vary from state to state and 
even within each state significantly, no attempts have 
been made to identify any particular program. 
However, consideration was given to industry 
requirements which normally would fall within vocational 
school general education requirements. 
196 
Most of the daytime classes for vocational secondary 
education students meet from 8:00 a.m. to 2:30 p.m., Mondays 
through Fridays for a September through June school year. 
Vocational secondary education students go to 8 
periods a day of academic classes, one week (lecture). 
The following week, they spend all day, every day, 
in their vocational technical shops (laboratory). 
Each period lasts 42 minutes and it is equivalent 
to 2 credits for 5 days a week, every other week, 
for one complete year (180 days). 
Course Sequence 
Freshman Year 
Lecture Credits Laboratory Credits 
Communications I 2 Vocational Orientation 6 
Technical math I 4 
Applied Physics I 2 Applied Physics 2 
English Composition I 2 
Microcomputer 
Microcomputer Basics 2 Applications 2 
Social Studies/Civics 2 
Basics of Robotics 
Physical Education 2 & Auto. Sys. 6 
16 16 
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Sophomore Year 
Lecture Credits Laboratory 
Blueprint Reading 2 Blueprint Reading 
Communications II 2 
Applied Physics II 2 Applied Physics 
Technical Math II 4 
Basic Electricity 2 Basic Electricity 
Social Studies/Civics 2 
Credits 
4 
2 
4 
Machine Tool Fundamentals 4 
Physical Education 2 Related elective 2 
16 16 
Junior 
Lecture Credits 
Electronics 2 
Fluid Power 2 
Controllers for Robots 
& Automated Systems 2 
Industrial Safety 2 
Economics 2 
Mechanical Components 2 
English Composition II 2 
Statistical Process 
Control 2 
16 
Year 
Laboratory Credits 
Electronics 4 
Fluid Power 2 
Controllers for Robots 
& Automated Systems 2 
Industrial Safety 2 
Mechanical Components 2 
Microprocessor 
Principles 
Related Elective 
16 
CM
 CM
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Senior Year 
Lecture 
Electromechanical 
Devices 
Ind. Organization 
& Safety Procedures 
Robotics/Automated 
Systems Applications 
Writing for Technicians 
Credits 
2 
4 
Laboratory 
Electromechanical 
Devices 
Credits 
Robotics/Automated 
Systems Applications 
Robotics/Automated 
Systems Services 
Personal Development 
& Skills 
Robotics/Automated 
Systems Services 
Elective 
16 16 
Course Descriptions - General Skills 
English Composition I & II (4 credits) 
This course provides students with a solid preparation 
for the demands of vocational secondary education study. 
Students focus on techniques necessary for efficient and 
comprehensive skills, vocabulary development, systematic 
approaches to textbook study, note—taking, and test-taking. 
The major goal of the course is to develop the ability 
of the student to write coherent, unified, and well- 
organized compositions that reflect logical thought 
and a mastery of standard English. 
199 
Communications I (2 credits) 
An introduction to conveying factual information and 
to expressing the self. This course provides the student 
with working knowledge of communication techniques, 
procedures and formats used in industry and business. 
The student learns accepted methods of describing devices 
and processes, of making oral and written technical 
presentations, maintaining laboratory and service notebooks, 
and of using written manuals, guides, specifications 
and vendor instructions. 
Communications II (2 credits) 
This is a continuation of Communications I with a 
variety of additional learning styles. The student learns 
and practices in memos, letters, and reports; conversations 
and meetings; charts and graphs; also, in verbal presenta¬ 
tions using audio-visual equipments, computer graphics, 
word processing for handouts, displays and overhead trans¬ 
parencies. This course evaluates the student performance 
and improves the quality of his/her communication in many 
areas, like speaking, listening, telephone conversation, 
visiting, meetings, delegations, thinking, procrastinating, 
daily planning, corresponding, and miscellany. 
Technical Math I 
(4 credits) 
This course deals with practical mathematics applied 
to the solution of problems encountered in mechanical, 
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thermal, hydraulic, pneumatic, and optical technology. 
Emphasis will be placed on problem-solving as opposed 
to theory. Typical topics that will be covered are the 
addition, subtraction, multiplication, and division of 
fraction and decimal, percentage ratio and proportions, 
practical algebra, basic geometry and trigonometry, 
calculating areas and volumes of solids, metric measure, 
graphs, logarithms, measuring instruments, strength 
of materials, work and power. 
Technical Math II (4 credits) 
This course deals with the mathematics required for 
service technicians as applied to the solution of practical 
problems encountered in electrical, electronics, 
micro-computers, controllers, electromechanical devices, 
and microprocessors systems. Typical topics to be covered 
include solutions of algebraic equations, non-linear 
functions, complex algebra, computer number systems 
(Binary, Octal, Hexadecimal), Boolean algebra, logarithms, 
and flow charts. 
Applied Physics I (2 credits) 
An introduction to the fundamental concepts of physics, 
including: force, work and energy, motion, conservation 
laws, electricity, magnetism and waves. Laboratory exper¬ 
ience will play an important role in the investigation. 
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Applied Physics II 
(2 credits) 
A continuation of Applied Physics I. Topics inclu 
concepts of power and energy converters, fluids, heat an 
temperature, concepts of physical optics and transdu 
de 
d 
cers . 
Applied Physics I & tt Lab 
-- (4 credits) 
These courses introduce the students to the basic 
experimental techniques in physics with applications 
principally in the areas of mechanics, electricity, 
heat, and optics. 
Microcomputer Basics (2 credits) 
This course will provide students with knowledge 
and skills to use the microcomputer as a tool to solve 
technology problems typically encountered throughout 
their program and their work thereafter. Specifically, 
topics taught will include programming concepts, 
branching, looping, arrays, functions, subroutines, 
data files, graphics, and applications. 
Microcomputer Applications (2 credits) 
This course provides an introduction to the hardware 
and software architecture of microprocessor systems 
used in applications of signal processing and control. 
Specifically, the course covers techniques for processing 
both analog and digital information into and out of 
micro-computers and applies these techniques to real- 
world control problems. 
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Industrial Saf«tv 
(4 credits) 
A practical study of industrial safety and accident 
prevention. The course includes hazards analysis and 
their control. Promoting safe practices like safety rules, 
training for emergenices, mechanical injuries and electrical 
hazards safeguarding; also, fire prevention and protection, 
explosions and explosives, hazards of toxic materials, 
radiation, vibration, noise, and safety analysis in 
an industrial setting. 
Economics (2 credits) 
An introduction to the principles of economics. 
The course develops the techniques necessary to evaluate 
the economic impact and advantages of different service 
methods. It is a course designed to familiarize the student 
with analysis techniques that are necessary for accurate 
cost evaluation of specific projects and cost-related 
decisions. Topics will include the laws of production 
and cost, the economy of a firm, determination of 
prices and outputs, striving for efficiency and equity, 
international economics and development, and relations 
to traditional capitalism. 
Industrial Organizations and Safety Procedures (2 credits) 
A study of current and developing theories of the 
field of industrial organization. Emphasis is placed 
on interpreting and analyzing organizational policies, 
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safety and governmental regulations (OSHA, EPA, etc.) 
liability and safety legislation, and union policies 
within the work place. 
Writing for Technicians (4 credits) 
This course develops the ability of the student to 
communicate successfully in writing. Most importantly, 
the student is involved extensively in writing various 
technical documents and in preparing/delivering appropriate 
technical presentations, including composed letters, 
memos, and reports with procedures that are clear, accurate, 
forceful, and easy to read. The course trains the students 
how to use their time most efficiently in preparing messages 
that address the needs of the readers and command their 
attention, whether they be customers, subordinates, 
supervisors or executives. 
Personal Development Skills (4 credits) 
This course includes the study of the basis of human 
relations and the organization of individual and group 
behavior. Positive work ethics, quality standards for 
workmanship and safety, establishing realistic vocational 
goals and leadership skills are covered. Special emphasis 
is placed on typical industrial and business relationships 
in everyday situations. 
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Statistical Process Control ... (Z credits) 
This course includes the study of the statistical 
techniques related to the assurance of product and service 
quality and producer/consumer interaction. Topics intended 
to train service technicians in SPC skills will include 
the application of sampling techniques, control charts 
to the manufacturing environment, correlation and 
regression analysis, and many of the quality-control 
concepts and methods that have been described by experts 
like W.E. Deming, whose philosophy of quality and product 
cost have had a major impact on modern manufacturing. 
Course Descriptions - Technology Skills 
Basics of Robotics and Automated Systems (6 credits) 
This course introduces the student to robotics and 
automated systems and their operating characteristics. 
Topics to be covered include robotics principles of 
operation and work envelopes. Students will learn the 
various coordinate systems and how hydraulic, pneumatic 
and electromechanical systems function together as a system. 
Other subjects to be covered include servo and nonservo 
controls, system capabilities and limitations, and safety. 
Robot tooling will be investigated, including welders, 
grippers, magnetic pickups, vacuum pickups, compliance 
devices, adhesive applicators, and paint sprayers. 
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Blueprint Reading /c v 
21 (6 credits) 
This course provides "hands-on" experience on funda¬ 
mentals and principles in reading and sketching mechanical, 
pneumatic, industrial, and electromechanical blueprints. 
Topics include: an introduction to freehand sketching, 
basic drafting techniques and procedures for blueprint 
reading, process sheets interpretations, reading multiview 
and projection mechanical drawings, reading electrical, 
electronic and pneumatic diagrams (schematic, ladder 
and block), reading detailed subassembly and assembly 
drawings, geometric dimensions and tolerances, material 
lists, sequency of operations and computer graphics. 
To prepare students for the kind of blueprints they will 
encounter on the job, every drawing used in this course 
follows the most current ANSI standards. (2 credits 
lecture & 4 credits lab) 
Electronics (6 credits) 
This course is an introduction to AC and DC discrete 
devices and linear-integrated circuits which emphasizes 
the applications of power supplies, voltage, current, 
and current flow. Also, it is designed to provide the 
student with practical knowledge and skills on digital 
logic devices, registers, counters, and opto-isolator 
modules, with concepts and laboratory experience for 
principle applications on automatic control processes. 
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Machine Tool Fundamentals .. (4 credits) 
An introduction to handtool usage and machine shop 
practice. Beginning with the rules of safety, the course 
covers the terminology and proper use of hand and machine 
tools and machine-shop equipment. Topics include reading 
of micrometer, verniers, dial indicators and other preci¬ 
sion instruments, layout of and working from blueprints. 
Hands-on projects with lathe, milling machine and other 
machine shop equipment, will cover grinding of cutting 
tools, straight and taper turning knurling, drilling, 
tapping, and milling flats and radii, including an 
introduction to automated machine tools, their tolerancing 
capabilities and practice. 
Fluid Power (4 credits) 
This course is designed to provide the students 
with the principles of fluid power and a working knowledge 
of each of the components and devices used in fluid 
power circuits. Hydraulic and pneumatic systems will 
be examined. Topics presented will include fundamentals 
of fluid circuits, vacuum systems, fluid power components 
and control valves, conventional and servo. Laboratory 
experience is essential to the investigation of the 
systems. 
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Basic Electricity 
(6 credits) 
This course covers, in two sections, the DC and AC 
principles of electricity. First, it includes the funda¬ 
mentals of the DC in series, parallel and complex circuit 
configuration, identifies electrical energy sources, atomic 
power sources, ohms and Kirchhoff's Laws, and DC network 
theorems. Introduces magnetic circuits, electrical measuring 
instruments, and passive components with their symbols. 
Presents resistors, capacitors, inductance and their 
characteristics in DC circuits. 
The second part is a study of AC theory and 
applications of power systems, reactance, impedance, 
conductance, resonance, filters, alternators and 
transformers. Emphasis is on solution to alternating 
current circuits problems, using basic circuit theorems. 
Concepts with laboratory experience in AC and DC 
circuits play an essential role in the course. 
Controllers for Robots and Automated Systems (4 credits) 
Students will learn the principles of control 
systems and how they are applied to a production system 
to achieve automation. Systems included in the course 
are drum controllers, stepper motors, programmable logic 
controllers, microprocessors, feedback systems, on and 
off-line programming techniques, and robot controllers. 
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Microprocessors Principles (2 credits) 
This is a hardware-oriented course designed to acquaint 
students with the principles of microprocessor architecture 
as it is manifested in some of the more popular devices and 
chip families. The course will consider processor concepts, 
CPU hardware, support chips, and the software instruction 
sets . 
Electromechanical Devices (6 credits) 
This course provides the student with working knowledgi 
of control elements in electrical and electronic circuits, 
transformer power drives, and systems. Topics presented 
include AC-DC motors, stoppers and servo motors, linear 
and rotary actuators, electromagnetic devices, starters 
and speed controls, sensors, servo valves, switches, 
circuit breakers, relays, fuses, counters, coders, etc. 
Emphasis is on circuit analysis repair and servicing. 
Robotics/Automated Systems Applications (6 credits) 
This course provides students an opportunity to 
observe and study the application of robots and automated 
systems in manufacturing. Students will simulate in 
the lab several of the recent industrial applications. 
The laboratory exercises are aimed at evaluating current 
systems and attempting to analyze and improve them. 
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Robotics/Automated Systems Service (6 credits) 
Students, working in teams and under the instructor's 
supervision, will assemble and test an automated produc¬ 
tion system. The students will select components, 
check specifications, use proper fixtures and interconnects, 
integrate system/provide interfaces, and make the assigned 
system operational. This is a laboratory class. 
Mechanical Components (4 credits) 
Mechanical components is a study of the elements, 
concepts, and applications of various devices and mechan¬ 
isms encountered in industrial applications of technology. 
Such mechanisms include belt drives, chain drives, gear 
drives, linkages, indexing mechanisms, fans and blowers. 
The subject matter on mechanical components and systems 
covers operational principles, uses, maintenance, trouble¬ 
shooting, and procedures for repair and replacement. 
The laboratory applications emphasize practical maintenance 
and installation of equipment and selection and specifica¬ 
tion of proper replacement components from manufacturers' 
catalogs. 
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Competencies Required 
Electrical/Electronics 
1. Read schematic diagrams. 
2. Read wiring diagrams. 
3. Interpret industrial electrical symbols and line 
diagrams from printed material and/or graphic 
display systems. 
4. Describe in writing how switches and solenoids work. 
5. Describe in writing SCR controls. 
6. Analyze series and parallel circuits. 
7. Use operational amplifiers as followers, inverters, 
non-inverters, integrators, and differentiators. 
8. Use an oscilloscope to determine waveforms. 
9. Determine signal frequency. 
10. Describe AC and DC current flow. 
11. Describe lead acid battery construction. 
12. Describe AC and DC electric motor operation. 
Pneumatic/Hydraulic 
1. Sketch flow path symbols and air logic drawings. 
2. Interpret flow path symbols and air logic drawings. 
3. Identify and use proper size of penumatic piping. 
4. Identify and use proper size lines. 
5. Describe the relationship between hydraulic 
pressure and flow. 
Mechanical Components 
1. Set and adjust mechanical stops. 
2. Set actuators to proper end positions. 
3. Install and maintain linkage. 
4. Install and maintain gear trains. 
5. Conduct routine preventive maintenance on mechanical 
equipment in accordance with manufacturer's 
specifications. 
Electromechanical Devices 
1. Install, adjust, troubleshoot and repair or replace: 
- Servo motors 
- AC pump motors (vacuum and pressure) 
- Speed reduction units 
system 
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- clutches 
- stepping motors 
- mechanical drives for feedback 
2. Install, adjust, troubleshoot and repair or replace 
sensors for: 
- flow control 
- liquid level control 
- ultrasonic control 
- opto-electric 
- tactile 
- video 
3. Describe the applications of the following systems 
to a robotic workcell: 
- hydraulic-electrical-pneumatic positioners 
and sensors 
- motor drives and servos 
- control systems including feedback 
- mechanical linkages/gears 
- electrical power system 
Robotics/Automated Systems 
1. Identify major systems of a robot. 
2. Describe robot drive system operation. 
3. Describe operation of various types 
of industrial robots. 
4. Describe mobility of an industrial robot. 
5. Describe transmission operation: 
- gears 
- pulleys, belts 
- bearings 
6. Identify a robot's work envelope. 
7. Be conversant in robot terminology. 
8. Demonstrate knowledge of safety requirement 
for working around robots. 
General 
-j . Effectively select and utilize such test equipment 
as time-domain reflectometers, oscilloscopes, 
spectrum analyzers, function generators, chart 
recorders, and multimeters for troubleshooting 
and repair of electronic circuits. 
2. Identify and demonstrate proper operational 
care and maintenance of hand power tools. 
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3. Select and install the proper fasteners 
for a given job. 
4. Identify and use appropriate lubricant. 
5. Use manual troubleshooting charts to aid 
faulty isolation/repair. 
6. Maintain work-log sheets. 
7. Draw logic diagrams. 
8. Read, understand and comply with requirements 
of service bulletins. 
9. Convert measurements between English and 
SI systems. 
10. Use both inside and outside micrometers. 
11 . Use manufacturers' manuals as a guide to trouble¬ 
shoot, repair, test and opeate a failed machine. 
12. Use manufacturers' manuals to determine a 
machine's normal operating characteristics. 
13. Using a manual, identify operational/functional 
systems. 
14. Recognize a mechanical problem which may, 
at first examination, appear to be an electrical 
one and vice versa. 
15. Exhibit proper working habits (attitude and safety). 
16. Interpret drawings of parts. 
17. Interpret graphs and charts. 
18. Read and use acceptable twelfth-grade English. 
19. Perform trigonometric calculations. 
20. Explain the difference between accuracy, 
precision, and repeatability. 
21. Explain the difference between direct and 
indirect measurements. 
22. Communicate 
- orally 
- listening 
- reading 
- write technical reports 
- graphically 
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Suggested Textbooks and Teaching Aids 
Barker, F. L. & Wheeler G.J. (1989) Mathematics for 
Electronics, Prentice-Hall Inc., Englewood 
Cliffs, NJ. 
Barnett, Marva T. (1987) Writing for Technicians. 
Delmar Publishing Co., Florence, KY. 
Behg, James (1985) Introduction to Robotics; a Systems 
Approach. Prentice-Hall, Englewood Cliffs, NJ. 
Boyce, J. G. et al (1989) Mathematics for Technical 
& Vocational Students. Prentice-Hall Inc., 
Englewood Cliffs, NJ. 
Boyet, Howard (1984) Hero 1 — Advanced Programming 
Experiments. Heath Company, Benton Harbor, MI. 
Colling, D. A. (1990) Industrial Safety Management 
and Technology, Prentice-Hall, Englewood Cliffs, 
NJ. 
Dorf, Richard C. (1989) Introduction to Electric 
Circuits, John Wiley & Sons, New York, NY. 
Driscoll, F. F. (1987) Introduction to 6800/68,000 
Microprocessors, P.W.S. Publishers, Boston, MA. 
Dull L. W. (1979) Leadership Practices for Directors 
and Vocational Education, Ohio Department 
of Education, Columbus, OH. 
Engelberger, J. F. (1989) Robotics in Service, 
The M.I.T. Press, Cambridge, MA. 
Esposito, Anthony (1988) Fluid Power with Applications, 
Prentice-Hall, Englewood Cliffs, NJ. 
Green, C. R. (1984) Technical Physics, Prentice-Hall, 
Inc., Englewood Cliffs, NJ. 
Hammer, Willie (1989) Occupational Safety Management 
and Engineering, Prentice-Hall, Englewood Cliffs, 
NJ. 
Hazen, M. E. (1989) Experiencing Electricity & 
Electronics, Saunders College Publishing, 
New York, NY. 
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Hoekstra, R. L. (1986) Robotics 
South-Western Publishing Co. 
and Automated 
, Cincinnati, 
Systems, 
OH. 
Ismail, A. R. & Rooney, V.M (1987) 
Hardware and Software Concepts 
Publishing Co., New York, NY] 
Microprocessor 
MacMillan 
Kale Clyde 0. (1989) Industrial Circuits and 
Manufacturing, Saunders College Publishing 
New York, NY. y 
Automated 
Kirkpatrick, J. M (1989) Industrial Blueprint Reading 
Sketching, Merrill Publishing Co., Columbus, OH. 
Kossen, Stan (1987) The Human Side of Organizations. 
Harper & Row Publishers, New York, NY. 
Malcolm, Douglas R. (1988) Robotics and Introduction 
PWS-KENT Publishing Co., Boston, MA. 
Miller, Melvin D. (1985) Principles and a Philosophy 
for Vocational Education. The National Center 
for Research in Vocational Education, The Ohio 
State University, Columbus, OH. 
Moore, K. D. (1989) Classroom Teaching Skills. 
Random House, New York, NY. 
Pasahow, E. J. (1988) Microprocessors & Microcomputers 
for Electronic Technicians, McGraw-Hill Inc., 
New York, NY. 
Patrick, D. R. & Fardo S.W. (1986) Industrial Electronics 
Devices & Systems, Prentice-Hall, Englewood Cliffs, 
N J . 
Spencer, M. H. (1989) Contemporary Economics, Worth 
Publishers Inc., New York, NY. 
Spiteri, Charles J. (1990) Robotic Technology. 
Saunders College Publishing, New York, NY. 
U.S. Department of Education (1987) What Works: 
Research About Teaching and Learning. Pueblo, CO. 
APPENDIX J 
COPY OF LETTER SENT TO ROBOTICS INTERNATIONAL 
OF SME AND TO THE U.S. DEPARTMENT OF EDUCATION, 
OFFICE OF VOCATIONAL AND ADULT EDUCATION, 
REQUESTING VALIDATION OF CURRICULUM. 
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February 20, 1990 
Mr. Robert A. Ankrapp 
Association Manager 
Robotics International of SME 
One SME Drive, P.0. Box 930 
Dearborn, Michigan 48121-0930 
Dear Mr. Ankrapp: 
Enclosed find a suggested four—year curriculum for 
an industrial Robotics/Automated Systems Service Technician 
for vocational education at the secondary level based on 
an industry needs assessment. 
This curriculum was developed as a result of a 
descriptive survey research I conducted during the 
past six months to determine the education and competencies 
required by industry for this position. 
The data collected from industry was used to determine 
the mean of the responses and a t-test was performed to 
compare present and future industry's needs for the specific 
purpose of selecting the correct courses for developing 
the four-year curriculum. 
It would be helpful to this study if your would have 
your education committee review the suggested curriculum 
and evaluate its validity. Any suggestions for changes 
or improvement would be most welcome. 
Your consideration and cooperation will be most 
appreciated. 
Sincerely, 
James G. Keramas, P.E. 
Assistant Professor 
Industrial Technology Dept. 
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February 26, 1990 
Mr. Les Thompson 
Office of Vocational and Adult Education 
Division of National Vocational Programs 
Room 612 
Reported Building 
400 Maryland Avenue 
S.W. Washington, D.C. 20202-5612 
I am an Assistant Professor at the University 
of Lowell, in the Industrial Technology Department, 
and I have been working in the past few months 
on my doctorate dissertation research. 
The dissertation deals with the development of a 
curriculum on robotics/automated systems for vocational 
education at the secondary level, based on an industry 
needs assessment. 
Enclosed please find the suggested four-year 
curriculum that I have developed. 
This curriculum was developed as a result of a survey 
research conducted nationwide during the past six months 
to determine the education and competencies required by 
industry for a technician to service and maintain robotics 
and automated systems in an industrial environment. 
The data collected from industry was used to determine 
the mean of the responses and a t-test was performed to 
compare present and future industry's needs for the specific 
purpose of selecting the current courses for developing 
the four-year curriculum. 
It would be helpful to this study if you could have 
your education committee review the suggested c«r^culum 
and evaluate its validity. Any suggestions for changes 
or improvement would be most welcome. 
Your consideration and cooperation in this matter 
will be most appreciated. 
Sincerely 
James G. Keramas P.E. 
Assistant Professor 
Industrial Technology Dept. 
SMe) Society of 
Manufacturing Engineers 
Robotic* International of SME 
March 19, 1990 
Mr. James G. Keramas, PE 
University of Lowell 
Department of Industrial 
One University Avenue 
Lowell, MA 01854 
Technology 
Dear Professor Keramas: 
Thank you for your packet of Information, which contained your suoaested 
curriculum for vocational education at the secondary level " 
I have forwarded your packet to Mark Stratton, the manager of SME's 
proposal" 0epartment‘ 1 trust T°u will hear from Mark soon regarding your 
Thank you for your interest in SME. 
your project. 
Robert A. Ankrapp 
Association Manager 
RAA/clt 
I wish you the best of success with 
cc: M. Stratton, Manager 
Manufacturing Engineering Education 
Society of Manufacturing Engineers* One SME Drive* P.O. Box 930* Dearborn, Michigan 48121 -0930 USA 
(313) 271-1500 • TELEX 297742 SME UR (VIA RCA) • FAX (313) 271-2861 
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